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TREATMENT SYSTEM, TREATMENT
INSTRUMENT, AND METHOD FOR
TREATING LIVING TISSUE BY USE OF
ENERGY

CROSS-REFERENCE TO RELATED
APPLICATIONS

This 1s a Continuation Application of PCT Application No.
PCT/IP2008/057°701, filed Apr. 21, 2008, which was pub-

lished under PCT Article 21(2) 1n Japanese.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This 1invention relates to a treatment system for treating a
living tissue by use of energy, and a method for treating a
living tissue by use of energy.

2. Description of the Related Art

In U.S. Pat. No. 5,443,463, coagulation forceps provided
with a plurality of electrodes are disclosed. In the forceps, an
RF power output from one electrosurgical power supply 1s
transmitted to the electrodes through an indifferent electrode
connector. Therelore, the coagulation forceps treat a living
tissue with high-frequency energy through the electrodes
controlled in the same state.

BRIEF SUMMARY OF THE INVENTION

A treatment system configured to exert energy to a living
tissue to treat the living tissue according to the invention
comprises: a seal member configured to join a sealed region
which seals desirable regions of at least two living tissues
when the energy 1s exerted to the sealed region; a maintaining,
member configured to maintain the living tissues 1n the vicin-
ity of the sealed region being brought into contact with each
other when the energy is exerted to the living tissues; and a
control section configured to ofifset energy output timings of
the seal member and the maintaining member.

A treatment system configured to exert energy to a living
tissue to treat the living tissue according to the invention
comprises: a pair ol holding members each having a holding
face to hold at least two living tissues; an operation handle
operated so that at least one of the holding faces relatively
moves with respect to the other holding face; a first joiming
member configured to be disposed on at least one of the
holding faces and exerts the energy to the at least two living,
tissues so that the tissues are joined to each other 1n a sealed
state; a second joimng member provided in the vicinity of the
first joining member and discretely disposed to exert the
energy to the living tissue while maintaining a state where the
living tissue around the living tissues joined by the first join-
ing member 1s brought into contact with the second joining
member; and an energy output control section configured to
olffset the energy output timings of the first and second joining
members.

A treatment system configured to exert energy to a living
tissue to treat the living tissue according to the invention
comprises: a seal member configured to exert the energy to at
least two living tissues to join the living tissues in a state
where desirable regions of the living tissues are sealed; a
maintaining member configured to be mtegrally disposed on
the seal member and exert the energy to the living tissues in a
state where the living tissues are brought mto contact with
cach other, thereby maintaining the contact of the living tis-
sues; a cooling member provided in the vicinity of the main-
taining member to cool the maintaining member; and a con-
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2

trol section configured to control the energy output timings of
the seal member, the maintaining member and the cooling

member, respectively.

A according to the mvention comprises treatment method
for exerting energy to a living tissue to treat the living tissue
according to the mvention comprises: sealing desirable por-
tions of at least two living tissues; and maintaining a state
where the at least two living tissues are brought 1nto contact
with each other 1n the vicinity of a position where the desir-
able portions of the at least two living tissues are sealed at a
timing to seal the desirable portions of the at least two living
tissues and at an offset timing thereof.

A treatment instrument configured to exert energy to a
living tissue to treat the living tissue according to the mven-
tion comprises: a seal member conﬁgured to join a sealed
region which seals desirable regions of at least two living
tissues when the energy 1s exerted to the sealed region; and a
maintaining member configured to be provided indepen-
dently of the seal member and maintain the living tissues 1n
the vicinity of the sealed region being brought into contact
with each other when energy 1s exerted separately from the
seal member.

A treatment instrument configured to exert energy to a
living tissue to treat the living tissue according to the mven-
tion comprises: a seal member configured to join a sealed
region which seals desirable regions of at least two living
tissues when the energy 1s exerted to the sealed region; a
maintaining member configured to be provided indepen-
dently of the seal member and maintain the living tissues 1n
the vicinity of the sealed region being brought into contact
with each other when energy 1s exerted separately from the
seal member; and a cooling member configured to be pro-
vided 1n the vicimity of the maintaining member to cool the
maintaining member and/or the vicinity of the maintaining
member, wherein the output timing of the seal member 1s
olfset by the output timings of the maintaining member and
the cooling member.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

FIG. 1A 1s a schematic diagram showing a treatment sys-
tem according to a first embodiment of the present invention;

FIG. 1B 1s a schematic diagram showing that high-ire-
quency energy 1s applied to a living tissue to treat the tissue
with a bipolar surgical treatment instrument of the treatment
system according to the first embodiment;

FIG. 2A 1s a schematic vertical sectional view showing a
shaft and closed first and second holding members of a hold-
ing section of an energy treatment instrument 1n the treatment
system according to the first embodiment;

FIG. 2B 1s a schematic vertical sectional view showing the
shaft and the opened first and second holding members of the
holding section of the energy treatment instrument in the
treatment system according to the first embodiment;

FIG. 3A 1s a schematic plan view showing the first holding,
member on a side close to the second holding member 1n the
holding section of the energy treatment instrument of the
treatment system according to the first embodiment;

FIG. 3B 1s a schematic vertical sectional view showing the
first holding member cut along the 3B-3B line of FIG. 3A 1n
the holding section of the energy treatment instrument of the
treatment system according to the first embodiment;

FIG. 3C 1s a schematic transverse sectional view showing,
the first holding member cut along the 3C-3C line of FIG. 3A
in the holding section of the energy treatment mstrument of
the treatment system according to the first embodiment;
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FIG. 3D 1s a schematic diagram showing the back surface
of an electrode disposed on a main body of the first holding
member on the side close to the second holding member 1n the
holding section of the energy treatment instrument of the
treatment system according to the first embodiment;

FIG. 3E 1s a schematic diagram showing that the high-
frequency energy 1s applied to the living tissue to treat the
tissue with a monopolar surgical treatment instrument of the
treatment system according to the first embodiment;

FI1G. 4 1s a schematic block diagram of the treatment sys-
tem according to the first embodiment;

FIG. 5 1s a schematic flow chart showing that a treatment
using the high-frequency energy 1s performed with respect to
the living tissue by use of the treatment system according to
the first embodiment;

FIG. 6A 1s a schematic graph showing one example of an
input process of inputting the high-frequency energy into the
living tissue with respect to time 1n a case where the treatment
using the high-frequency energy 1s performed with respect to
the living tissue by use of a treatment system according to a
modification of the first embodiment;

FIG. 6B 1s a schematic graph showing the variance of
impedance with respect to a time when predetermined high-
frequency energy 1s input into the living tissue in a case where
the treatment using the high-frequency energy 1s performed
with respect to the living tissue by use of the treatment system
according to the first embodiment;

FIG. 6C 1s a schematic graph showing one example of the
input process ol inputting the high-frequency energy into the
living tissue with respect to the time in a case where the
treatment using the high-frequency energy 1s performed with
respect to the living tissue by use of the treatment system
according to the modification of the first embodiment;

FIG. 6D i1s a schematic graph showing one example of the
input process ol inputting the high-frequency energy into the
living tissue with respect to the time in a case where the
treatment using the high-frequency energy 1s performed with
respect to the living tissue by use of the treatment system
according to the modification of the first embodiment;

FIG. 7A 1s a schematic perspective view showing a state
where two 1ntestinal canals of a small intestine are anasto-
mosed, and a schematic diagram cut along the 7A-7A line of
FI1G. 7C described later:;

FIG. 7B 1s a schematic diagram showing an enlarged part
denoted with symbol 7B of FIG. 7A;

FIG. 7C 1s a schematic diagram showing a state where two
intestinal canals of the small intestine are anastomosed, and
then the ends of the intestinal canals are closed:

FIG. 7D 1s a schematic diagram as a modification of FIG.
7B showing the enlarged part denoted with the symbol 7B of
FIG. 7A;

FIG. 8A 1s a schematic plan view showing a first holding
member on a side close to a second holding member 1n a
holding section of an energy treatment instrument of a treat-
ment system according to a first modification of the first
embodiment;

FIG. 8B 1s a schematic transverse sectional view cut along,
the 8B-8B line of FIG. 8A and showing the first holding
member 1n the holding section of the energy treatment 1nstru-
ment of the treatment system according to the first modifica-
tion of the first embodiment:;

FIG. 8C 1s a schematic transverse sectional view cut along
the 8B-8B line of FIG. 8A and showing a modification of a
first holding member 1n a holding section of an energy treat-
ment mstrument of a treatment system according to a second
modification of the first embodiment;
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4

FIG. 9A 1s a schematic plan view showing a first holding
member on a side close to a second holding member 1n a
holding section of an energy treatment instrument of a treat-
ment system according to a third modification of the first
embodiment;

FIG. 9B 1s a schematic transverse sectional view cut along
the 9B-9B line of FIG. 9A and showing the first holding
member 1n the holding section of the energy treatment instru-
ment of the treatment system according to the third modifi-
cation of the first embodiment;

FIG. 9C 1s a schematic transverse sectional view cut along,
the 9B-9B line of FIG. 9A and showing a modification of the
first holding member 1n the holding section of the energy
treatment instrument of the treatment system according to a
modification of the third modification of the first embodi-
ment,

FIG. 9D 1s a schematic transverse sectional view cut along
the 9B-9B line of FIG. 9A and showing a modification of a
first holding member 1n a holding section of an energy treat-
ment instrument of a treatment system according to a further
modification of the third modification of the first embodi-
ment;

FIG. 10 1s a schematic block diagram of the treatment
system according to the third modification of the first embodi-
ment;

FIG. 11 1s a schematic tlow chart showing that a treatment
using high-frequency energy 1s performed with respect to a
living tissue by use of the treatment system according to the
third modification of the first embodiment;

FIG. 12A 1s a schematic graph showing one example of an
input process ol the high-frequency energy into the living
tissue with respect to time 1n the case where the treatment
using the high-frequency energy 1s performed with respect to
the living tissue by use of the treatment system according to
the third modification of the first embodiment:

FIG. 12B 1s a schematic graph showing one example of the
input process ol the high-frequency energy into the living
tissue with respect to the time in the case where the treatment
using the high-frequency energy 1s performed with respect to
the living tissue by use of the treatment system according to
the third modification of the first embodiment:

FIG. 13 A 1s a schematic plan view showing a first holding
member on a side close to a second holding member 1n a
holding section of an energy treatment imnstrument of a treat-
ment system according to a fourth modification of the first
embodiment;

FIG. 13B 1s a schematic transverse sectional view cut along,
the 13B-13B line of FIG. 13A and showing the first holding
member 1n the holding section of the energy treatment instru-
ment of the treatment system according to the fourth modifi-
cation of the first embodiment;

FIG. 13C 1s a schematic transverse sectional view cut along,
the 13C-13C line of FIG. 13 A and showing a modification of
the first holding member 1n the holding section of the energy
treatment instrument of the treatment system according to the
fourth modification of the first embodiment;

FIG. 14 1s a schematic block diagram of the treatment
system according to the fourth modification of the first
embodiment;

FIG. 15 15 a schematic flow chart showing that a treatment
using high-frequency energy 1s performed with respect to a
living tissue by use of the treatment system according to the
fourth modification of the first embodiment:

FIG. 16 1s a schematic graph showing one example of an
input process ol inputting the high-frequency energy into the
living tissue with respect to time 1n the case where the treat-
ment using the high-frequency energy i1s performed with
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respect to the living tissue by use of the treatment system
according to the fourth modification of the first embodiment;

FIG. 17 A 1s a schematic plan view showing a first holding
member on a side close to a second holding member 1n a
holding section of an energy treatment instrument of a treat-
ment system according to a modification of the fourth modi-
fication of the first embodiment;

FIG. 17B 1s a schematic plan view showing a first holding,
member on a side close to a second holding member 1n a
holding section of an energy treatment instrument of a treat-
ment system according to a further modification of the fourth
modification of the first embodiment;

FIG. 18 15 a schematic diagram showing a modification of
the treatment system according to the first embodiment;

FIG. 19 15 a schematic diagram showing a modification of
a treatment system according to a second embodiment;

FIG. 20A 1s a schematic vertical sectional view showing a
state where a main body side holding section and a detachable
side holding section of an energy treatment instrument
according to the second embodiment are disengaged;

FIG. 20B 1s a schematic vertical sectional view showing a
state where the main body side holding section and the
detachable side holding section of the energy treatment
instrument according to the second embodiment are engaged,
and the detachable side holding section 1s disposed away from
the main body side holding section;

FI1G. 20C 1s a schematic diagram showing the surface of the
main body side holding section of the energy treatment instru-
ment according to the second embodiment;

FI1G. 21 1s a schematic diagram showing the state where the
main body side holding section and the detachable side hold-
ing section of the energy treatment instrument according to
the second embodiment are disengaged;

FIG. 22A 1s a schematic diagram showing a state where
intestinal canals are joined to each other by use of the energy

treatment instrument according to the second embodiment;

FIG. 22B 1s a schematic vertical sectional view cut along,
the 22B-22B line of F1G. 22 A and showing the state where the
intestinal canals are joined to each other by use of the energy
treatment 1nstrument according to the second embodiment;
and

FIG. 22C 1s a schematic diagram showing that the state
where the intestinal canals are joined to each other by use of
the energy treatment instrument according to the second

embodiment 1s observed trom the direction of arrow 22C of
FIG. 22B.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the best mode for carrying out this invention
will be described with reference to the drawings.

|[First Embodiment]

A first embodiment will be described with reference to
FIGS. 1A to 7C.

Here, as an example of an energy treatment instrument (a
treatment mnstrument), a linear type surgical treatment instru-
ment 12 for performing a treatment, for example, through an
abdominal wall will be described.

As shown 1n FIG. 1A, a treatment system 10 includes the
energy treatment instrument 12, an energy source (a control
section) 14 and a foot switch 16.

The energy treatment 1nstrument 12 1ncludes a handle 22,
a shait 24 and an openable/closable holding section 26. The
handle 22 1s connected to the energy source 14 via a cable 28.
The energy source 14 1s connected to the foot switch (may be

a hand switch) 16.
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It1s to be noted that the foot switch 16 includes apedal 164.
In consequence, the pedal 16a of the foot switch 16 1s
switched on/off by an operator to perform/stop the supply of
the energy from the energy source 14 to the surgical treatment
istrument 12. When the pedal 16a 1s pressed, the high-
frequency energy 1s output based on an appropriately set state
(a state where an energy output amount, an energy output
timing or the like 1s controlled). When the pressed pedal 16a
1s released, the output of the high-frequency energy 1s forcibly
stopped.

The handle 22 1s formed 1nto such a shape as to be easily
held by the operator, and 1s substantially formed 1nto, for
example, an L-shape. One end of the handle 22 is provided
with the shaft 24. The cable 28 extends from the proximal end
of the handle 22 disposed coaxially with respect to the shaft
24.

On the other hand, the handle 22 functions a grasping
section to be grasped by the operator on the other end side
thereof. The handle 22 includes a holding section opening/
closing knob 32 disposed on the other end side of the handle.
The holding section opening/closing knob 32 1s connected to
the proximal end of a sheath 44 (see FIGS. 2A and 2B) of the
shaft 24 in the substantially middle portion of the handle 22 as
described later. When the holding section opening/closing
knob 32 comes close to or away from the other end of the
handle 22, the sheath 44 moves along the axial direction
thereof. The handle 22 further includes a cutter driving knob
34 for moving a cutter 54 described later 1n a state where the
knob 34 1s disposed 1n parallel with the holding section open-
ing/closing knob 32.

As shown 1n FIGS. 2A and 2B, the shaft 24 includes a
cylindrical member 42, and the sheath 44 slidably disposed
outside the cylindrical member 42. The proximal end of the
cylindrical member 42 1s fixed to the handle 22 (see FI1G. 1).
The sheath 44 1s slidable along the axial direction of the
cylindrical member 42.

A recess portion 46 1s formed along the axial direction of
the cylindrical member 42 outside the member 42. The recess
portion 46 1s provided with a first electrode energization line
766 of a first continuous electrode (an output section) 76
described later, and a second electrode energization line 785
ol a first discrete electrode (an output section) 78 described
later. Although not shown, the first and second electrode
energization lines 76 and 785 are interposed among first and
second electrode connectors 76a and 78a described later and
the cable 28. The first and second connectors 76a and 78a, the
first electrode energization line 765, the second electrode
energization line 786 and the cable 28 are preferably inte-
grated 1nto one component.

Through the cylindrical member 42, there are 1nserted a
third electrode energization line 865 of a second continuous
clectrode (an output section) 86 described later and a fourth
clectrode energization line 886 of a second discrete electrode
(an output section) 88 described later. Although not shown,
the third and fourth electrode energization lines 865 and 885
are interposed among third and fourth electrode connectors
86a and 88a described later and the cable 28. The third and
fourth electrode connectors 86a and 88a and the cable 28 are
preferably integrated into one component.

A drniving rod 52 1s disposed in the cylindrical member 42
of the shaft 24 so that the rod 52 can move along the axial
direction thereof. The distal end of the driving rod 32 1is
provided with the thin-plate-like cutter (an auxiliary treat-
ment instrument) 34. Therefore, when the cutter driving knob
34 15 operated, the cutter 54 moves via the driving rod 52.

The distal end of the cutter 54 1s provided with a blade 344,
and the distal end of the driving rod 52 1s fixed to the proximal
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end of the cutter 54. A long groove 545 1s formed between the
distal and proximal ends of the cutter 54. In the long groove
54b, a movement regulation pin 56 extending in an orthogo-
nal direction to the axial direction of the shatit 24 1s fixed to the
cylindrical member 42 ofthe shaft 24. Therefore, the cutter 54
moves along the long groove 545 via the movement regula-
tion pin 36. In consequence, the cutter 34 moves 1n a straight
line.

At this time, the cutter 54 1s disposed 1n a cutter guide
groove (a channel, a fluid discharge groove) 62a of a first
holding member 62 and a cutter guide groove (a channel, a
fluid discharge groove) 64a of a second holding member 64
described later.

It 1s to be noted that engagement portions 54¢ which
engage with the movement regulation pin 56 to control the
movement of the cutter 54 are formed 1n at least three por-
tions, 1.e., at one end, the other end and between the ends of
the long groove 545 of the cutter 54.

As shown 1n FIGS. 1A, 2A and 2B, the holding section 26
1s provided on the distal end of the shaft 24. As shown 1n
FIGS. 2A and 2B, the holding section 26 includes the first
holding member (a first jaw) 62 and the second holding mem-
ber (a second jaw) 64.

The first and the second holding members 62, 64 them-
selves preferably entirely have 1nsulation properties, respec-
tively. The first holding member 62 integrally includes a first
holding member main body (hereinafter referred to mainly as
the main body) 72 and a base portion 74 provided on the
proximal end of the main body 72. The first holding member
main body 72 and the base portion 74 are provided with the
cutter guide groove 62a for guiding the cutter 54.

As shown 1n FIGS. 2A to 3C, the main body 72 of the first
holding member 62 1s provided with a plurality of recess
portions 72a, and a holding face 72b.

Moreover, 1n the plurality of recess portions 72a of the
main body 72, one first continuous electrode 76 and a plural-
ity of first discrete electrodes 78 are arranged. That 1s, the first
holding member 62 1s provided with the first continuous
clectrode 76 and the first discrete electrodes 78 as output
members or energy release portions.

The first continuous electrode (a seal member, a first join-
ing member) 76 1s formed continuously without any cut. The
first continuous electrode 76 1s continuously formed 1nto, for
example, a substantial U-shape, and has two ends in the
proximal end of the main body 72 of the first holding member
62. At least one of the two ends of the first continuous elec-
trode 76 1s electrically connected to the first electrode con-
nector 76a disposed 1n the one end thereot. The first electrode
connector 76a 1s connected to the cable 28 extended from the
handle 22 via the first electrode energization line 76b. More-
over, the first continuous electrode 76 1s connected to a first
high-frequency energy output circuit 104 of the energy source
14 described later.

A space between the two ends of the first continuous elec-
trode 76 1s provided with a cutter guide groove (conveniently
denoted with symbol 62a which 1s the same as that of the
cutter guide groove 62a of the first holding member 62) for
guiding the cutter 54 together with the main body 72 and the
base portion 74 of the first holding member 62.

The first discrete electrodes (a maintaining member, a sec-
ond joiming member) 78 are discretely arranged outside the
first continuous electrode 76. The plurality of first discrete
clectrodes 78 having the same shape are arranged at substan-
tially equal intervals along a substantially U-shaped virtual
track. The first discrete electrodes 78 are formed into, for
example, a circular shape. The first discrete electrodes 78 are
arranged with a substantially predetermined space being lett
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therebetween, and the respective discrete electrodes 78 are
arranged as much as an appropriate distance away from the
first continuous electrode 76. The first discrete electrodes 78
are positioned so that when a treatment 1s performed, a living
tissue L~ between the first discrete electrode 78 and the sec-
ond discrete electrode 88 of the second holding member 64 1s
denatured by heat, but the electrodes are positioned so that the
denaturation of the living tissue L - between the first discrete
clectrodes 78 of the first holding member 62 due to the heat
and the denaturation of the living tissue between the first
discrete electrode 78 and the first continuous electrode 76 due
to the heat are prevented as much as possible.

Although not shown, the plurality of first discrete elec-
trodes 78 are electrically connected to one another 1n the main
body 72, and are also electrically connected to the second
clectrode connector 78a disposed 1n parallel with the first
clectrode connector 76a. The second electrode connector 78a
1s connected to the cable 28 extended from the handle 22 via
the second electrode energization line 785. Moreover, the first
discrete electrodes 78 are connected to a second high-fre-
quency energy output circuit 106 of the energy source 14
described later.

It 15 to be noted that the holding face 7256 of the surfaces of
the first continuous electrode 76 and the first discrete elec-
trodes 78 1s formed to be one step higher. The holding face
72b comes closer to a facing main body 82 of the second
holding member 64 than the surfaces of the first continuous
electrode 76 and the first discrete electrodes 78, and abuts on
a facing holding face (conveniently denoted with symbol
82b) of the main body 82 of the second holding member 64.

As shown in FIG. 3D, a plurality of temperature sensors 80
are embedded 1in the main body 72 of the first holding member
62. Here, as shown i FIGS. 2A and 2B, the plurality of
temperature sensors 80 are arranged on the back surfaces of
the first discrete electrodes 78 or in the vicinities of the first
discrete electrodes 78. Therelore, 1t 1s possible to measure an
approximate temperature T of the living tissue L. which
comes 1n contact with the first discrete electrodes 78. It1s to be
noted that the temperature sensors 80 are connected to a
temperature measurement circuit 108 described later via a
temperature sensor signal line 80a 1n the same manner as in
the first electrode energization line 765 of the first continuous
clectrode 76 and the second electrode energization line 785 of
the first discrete electrodes 78.

The second holding member 64 integrally includes the
second holding member main body 82 and a base portion 84
provided at the proximal end of the main body 82. The second
holding member main body 82 and the base portion 84 are
provided with the cutter guide groove 64a for guiding the
cutter 34.

The main body 82 of the second holding member 64 1s
provided with a recess portion (conveniently denoted with
symbol 82a) and the holding face 825.

Moreover, 1n the recess portion 82a of the main body 82,
the second continuous electrode 86 and the second discrete
clectrodes 88 are arranged. That 1s, the second holding mem-
ber 64 1s provided with the second continuous electrode 86
and the second discrete electrodes 88 as output members or
energy release portions.

The second continuous electrode (a seal member, a first
joining member) 86 1s disposed symmetrically with respect to
the first continuous electrode 76 disposed 1n the first holding
member 62. Therefore, a space between the two ends of the
second continuous electrode 86 1s provided with a cutter
guide groove (conveniently denoted with symbol 64a which
1s the same as that of the cutter guide groove 64a of the second
holding member 64) for guiding the cutter 54 together with




US 9,033,983 B2

9

the main body 82 and the base portion 84 of the second
holding member 64. The second discrete electrodes 88 are
arranged symmetrically with respect to the first discrete elec-
trodes 78 arranged 1n the first holding member 62. Therefore,
the detailed description of the second continuous electrode 86 3
and the second discrete electrodes 88 1s omitted.

It 15 to be noted that the second continuous electrode 86 1s
clectrically connected to the third electrode connector 86a
disposed at the end facing the end opposite to the first elec-
trode connector 76a. Moreover, the third electrode connector 10
864 15 connected to the cable 28 extended from the handle 22
via the third electrode energization line 865. Moreover, the
second continuous electrode 86 1s connected to the first high-
frequency energy output circuit 104 of the energy source 14
described later. 15

The second discrete electrodes 88 are electrically con-
nected to the fourth electrode connector 88a disposed in
parallel with the third electrode connector 86a. The fourth
clectrode connector 88a 1s connected to the cable 28 extended
from the handle 22 via the fourth electrode energization line 20
885. Moreover, the second discrete electrodes 88 are con-
nected to the second high-frequency energy output circuit 106
of the energy source 14 described later.

It 1s to be noted that the cutter guide grooves 62a and 64a
of the first and second holding members 62 and 64 are formed 25
so as to face each other, and are formed along the axial
direction of the shaft 24. Moreover, the one cutter 54 can be
guided along the two cutter guide grooves 62a and 64a.

The cylindrical member 42 and the sheath 44 of the shatt 24
of the energy treatment instrument 12 shown 1n FIGS. 2A and 30
2B are provided with fluid discharge ports 42a and 44a
through which a fluid such as vapor (a gas) or a liquid (a tissue
liquid) described later 1s discharged. The fluid discharge ports
42a and 44a are formed 1n the proximal end of the shaift 24.

Here, although not shown, the outer peripheral surface of 35
the fluid discharge port 44a of the sheath 44 1s preferably
provided with a connection mouthpiece. At this time, the fluid
described later 1s discharged through the cutter guide grooves
62a and 64a, the fluid discharge port 42a of the cylindrical
member 42 of the shait 24, the tluid discharge port 44a of the 40
sheath 44 of the shaft 24 and the connection mouthpiece. In
this case, a fluid such as the vapor or the liquid discharged
from the living tissue L-can easily be discharged through the
fluid discharge ports 42a and 44a by sucking the tluid through
the connection mouthpiece. 45

It 1s to be noted that the fluid discharge ports 42a and 44a
are preferably provided in the shaft 24, but may preferably be
provided 1n the handle 22 1nstead of the shait 24.

The base portion 74 of the first holding member 62 1s fixed
to the distal end of the cylindrical member 42 of the shatt 24. 50
On the other hand, the base portion 84 of the second holding
member 64 1s rotatably supported by the distal end of the
cylindrical member 42 of the shait 24 via a support pin 92
disposed 1n an orthogonal direction to the axial direction of
the shaft 24. The second holding member 64 can rotate around 55
the axis of the support pin 92 to open and close with respect to
the first holding member 62. The second holding member 64
1s urged by an elastic member 92a such as a leaf spring so as
to open with respect to the first holding member 62.

The outer surfaces of the main bodies 72 and 82 of the first 60
and second holding members 62 and 64 are formed into a
smoothly curved shape. Similarly, the outer surfaces of the
base portions 74 and 84 of the first and second holding mem-
bers 62 and 64 are also formed into a smoothly curved shape.

In a state where the second holding member 64 1s closed with 65
respect to the first holding member 62, the cross sections of
the main bodies 72 and 82 of the respective holding members
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62 and 64 are formed 1nto a substantially circular or elliptic
shape. In a state where the second holding member 64 1s
closed with respect to the first holding member 62, the hold-
ing faces 726 and 825 of the main bodies 72 and 82 of the first
and second holding members 62 and 64 face each other, and
the base portions 74 and 84 are formed 1nto a cylindrical
shape. In this state, the diameters of the proximal ends of the
main bodies 72 and 82 of the first and second holding mem-
bers 62 and 64 are formed to be larger than those of the base
portions 74 and 84. Moreover, stepped portions 94a and 9456
are formed between the main bodies 72, 82 and the base
portions 74, 84, respectively.

Here, with regard to the first and second holding members
62, 64, 1n the state where the second holding member 64 1s
closed with respect to the first holding member 62, the outer
peripheral surface of the substantially circular or elliptic
shape obtained by combining the base portions 74 and 84 of
the holding members 1s formed as substantially the same
plane as the outer peripheral surface of the distal end of the
cylindrical member 42 or formed with a diameter slightly
larger than that of the outer peripheral surface. In conse-
quence, the sheath 44 1s slid with respect to the cylindrical
member 42, whereby the distal end of the sheath 44 can cover
the base portions 74 and 84 of the first holding member 62 and
the second holding member 64. In this state, as shown 1n FIG.
2A, the first holding member 62 and the second holding
member 64 close against the urging force of the elastic mem-
ber 92a. On the other hand, when the sheath 44 1s slid toward
the proximal end of the cylindrical member 42 from the state
where the distal end of the sheath 44 covers the base portions
74 and 84 of the first and second holding members 62 and 64,
as shown 1n FIG. 2B, the second holding member 64 opens
with respect to the first holding member 62 by the urging
force of the elastic member 92a.

Moreover, 1n this embodiment, the s1zes of a space between
the proximal ends of the first continuous electrode 76 and a
space between the proximal ends of the second continuous
clectrode 86 are approximately equal to the widths of the
cutter guide grooves 62a and 64a of the first and second
holding members 62 and 64, respectively (see FIG. 3A).
However, the space between the proximal ends of the first
continuous electrode 76 and the space between the proximal
ends of the second continuous electrode 86 can appropriately
be set, respectively. That 1s, the first and second continuous
clectrodes 76 and 86 may be provided away from the edges of
the cutter guide grooves 62a and 64a of the first and second
holding members 62 and 64.

As shown 1n FI1G. 4, the energy source 14 includes a control
section 102, the first high-frequency energy output circuit (a
first control portion) 104, the second high-frequency energy
output circuit (a second control portion) 106, the temperature
measurement circuit 108, a display section 110 and a speaker
112 therein. The control section 102 1s connected to the first
and second high-frequency energy output circuit 104 and
106, the temperature measurement circuit 108, the display
section 110 and the speaker 112, and the control section 102
controls these components. The control section 102 1s con-
nected to the foot switch 16. When the foot switch 16 1s
switched on (the pedal 16a 1s pressed), the energy treatment
instrument 12 performs a treatment. When the switch 1s
switched off (the pressed pedal 164 1s released), the treatment
stops. The display section 110 functions as setting means (a
controller) 1n a case where the control section 102 controls the
output amounts of the first and second high-frequency energy
output circuit 104 and 106 (the output amounts themselves, or
the treatment to be performed (a treatment for a purpose of

joiming the living tissues to each other, a treatment for a
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purpose ol closing the opening of the living tissue or the
like)), the display of the temperatures detected by the tem-
perature sensors 80, or the output timing of the energy. Need-
less to say, the display section 110 has a display function of
displaying the setting (various set values, etc.).

It 15 to be noted that the first high-frequency energy output
circuit 104 outputs the high-frequency energy through the
first and second continuous electrodes 76 and 86, and can
detect an impedance Z of the living tissue between the first
continuous electrode 76 and the second continuous electrode
86. The second high-frequency energy output circuit 106
outputs the high-frequency energy through the first and sec-
ond discrete electrodes 78 and 88, and can detect the 1mped-
ance 7. of the living tissue between the first and second dis-
crete electrodes 78 and 88. That 1s, the first high-frequency
energy output circuit 104 and the first and second continuous
clectrodes 76 and 86 have a sensor function of measuring the
impedance 7Z of the living tissue L. between the first and
second continuous electrodes 76 and 86. The second high-
frequency energy output circuit 106 and the first and second
discrete electrodes 78 and 88 have a sensor function of mea-
suring the impedance Z of the living tissue L between the
first and second discrete electrodes 78 and 88. It 1s to be noted
that the temperature measurement circuit 108 and the tem-
perature sensors 80 have a sensor function of measuring the
temperatures.

Next, the operation of the treatment system 10 according to
this embodiment will be described.

FIG. 5 shows one example of a control flow of the surgical
treatment 1nstrument 12 by the first and second high-ire-
quency energy output circuits 104 and 106. FI1G. 6 A 1s a graph
showing a relation between the output from the first high-
frequency energy output circuit 104 and a time, and showing
a relation between the output from the second high-frequency
energy output circuit 106 and the time. FIG. 6B schematically
shows, with respect to the time, the variance of the impedance
7. usually measured when the energy 1s input as shown in FI1G.
6A.

The operator beforehand operates the display section 110
of the energy source 14 to set the output conditions of the
treatment system 10 (STEP 1). Specifically, the operator
beforehand sets outputs (set powers Plset] W] and P2set[ W])
from the first high-frequency energy output circuit 104 and
the second high-frequency energy output circuit 106, thresh-
old values 71 and 72 of the impedance Z of the living tissue
L., a threshold value T1 of the temperature T described later
and the like.

As shown 1n FIG. 2A, in the state where the second holding
member 64 1s closed with respect to the first holding member
62, the holding section 26 and the shait 24 of the surgical
treatment mstrument 12 are inserted into, for example, an
abdominal cavity through an abdominal wall. The holding
section 26 of the surgical treatment instrument 12 1s held so as
to face the living tissue L. as a treatment target.

The holding section opening/closing knob 32 of the handle
22 1s operated to hold the living tissue L. as the treatment
target by the first and second holding members 62 and 64. At
this time, the sheath 44 1s moved toward the proximal end of
the shait 24 with respect to the cylindrical member 42. The
cylindrical shape between the base portions 74 and 84 cannot
be kept by the urging force of the elastic member 924, and the
second holding member 64 opens with respect to the first
holding member 62.

The living tissue L, as the treatment target 1s disposed
between the first and second continuous electrodes 76 and 86
of the first and second holding members 62 and 64 and
between the first and second discrete electrodes 78 and 88 of
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the first and second holding members 62 and 64. In this state,
the holding section opening/closing knob 32 of the handle 22
1s operated. At this time, the sheath 44 1s moved toward the
distal end of the shatt 24 with respect to the cylindrical mem-
ber 42. The base portions 74 and 84 are closed against the
urging force of the elastic member 92a by the sheath 44 to
obtain the cylindrical shape. In consequence, the main body
72 of the first holding member 62 integrally formed with the
base portion 74 and the main body 82 of the second holding
member 64 integrally formed with the base portion 84 are
closed. That 1s, the second holding member 64 closes with
respect to the first holding member 62. In this way, the living
tissue L - as the treatment target 1s grasped between the first
and second holding members 62 and 64.

At this time, the living tissue L as the treatment target
comes 1n contact with both the first and second continuous
clectrodes 76 and 86 of the first and second holding members
62 and 64. The living tissue L as the treatment target comes
in contact with both the first and second discrete electrodes 78
and 88 of the first and second holding members 62 and 64.
The peripheral tissue of the living tissue L - as the treatment
target comes 1n close contact with both facing contact faces of
the edges of the holding faces 726 and 825 of the first and
second holding members 62 and 64.

In this way, the pedal 16a of the foot switch 16 1s operated
in the state where the living tissue 1s grasped between the first
and second holding members 62 and 64. The control section
102 of the energy source 14 judges whether or not the pedal
16a of the switch 16 has been pressed to switch on by the
operation of the operator (STEP 2).

When it 1s judged that the pedal 16a of the foot switch 16
has been pressed to switch on, the high-frequency energy 1s
supplied from the first high-frequency energy output circuit
104 of the energy source 14 to the living tissue (the living
tissue of a first region) L. between the first and second con-
tinuous electrodes 76 and 86 (STEP 3).

Subsequently, the first high-frequency energy output cir-
cuit 104 supplies the set power Plset]| W] preset by the display
section 110, e.g., a power of about 20 [ W] to 80 [W] between
the first and second continuous electrodes 76 and 86 of the
first and second holding members 62 and 64.

In consequence, the first high-frequency energy output
circuit 104 supplies a high-frequency current to the living
tissue L-as the treatment target between the first and second
continuous electrodes 76 and 86 of the first and second hold-
ing members 62 and 64. That 1s, the high-frequency energy 1s
supplied to the living tissue L, grasped between the elec-
trodes 76 and 86. Therelore, Joule heat 1s generated 1n the
living tissue L grasped between the electrodes 76 and 86 to
heat the living tissue L - 1tself. A cell membrane in the living,
tissue L held between the electrodes 76 and 86 1s broken by
the function of the Joule heat to release substances from the
cell membrane, and the tissue 1s homogenized with extracel-
lular components including collagen. The high-frequency
current 1s supplied through the living tissue L.~ between the
electrodes 76 and 86, so that further Joule heat acts on the
tissue L-homogenized 1n this manner, and, for example, the
joming faces of the living tissue L -or the layers of the tissue
are joined to each other. Therefore, when the high-frequency
current 1s supplied between the electrodes 76 and 86, the
living tissue L, itsell generates the heat and 1s dehydrated,
while the mside of the living tissue L-1s denatured (the living
tissue L -1s cauterized). In consequence, the living tissue L -1s
continuously denatured (in a substantially U-shape) by the
first and second continuous electrodes 76 and 86.

At this time, the impedance Z of the grasped living tissue
L. 1s measured by the high-frequency energy output circuit
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104 via the first and second continuous electrodes 76 and 86.
An impedance Z0 at the start of the treatment 1s, for example,
about 60 [£2] as shown 1n FIG. 6B. Subsequently, when the
high-frequency current flows through the living tissue L to
cauterize the living tissue L., the value of the impedance Z
rises.

In this way, the fluid (e.g., the liquid (blood) and/or the gas
(water vapor)) 1s discharged from the living tissue L - as the
living tissue 1s cauterized. At this time, the holding faces 7256
and 825b of the first and second holding members 62 and 64
come 1nto closer contact with the living tissue L-than the first
and second continuous electrodes 76 and 86. Therefore, the
holding faces 726 and 825 function as barrier portions (dams)
which mhibit the fluid from escaping to the outside from the
first and second holding members 62 and 64. Therefore, the
fluid discharged from the living tissue L. 1s caused to tlow
into the cutter guide groove 62a inside the first continuous
clectrode 76 and the cutter guide groove 64a inside the second
continuous electrode 86, and 1s, for example, sucked to flow
from the first and second holding members 62 and 64 into the
shaft 24. While the fluid 1s discharged from the living tissue
L., the flmd continues to flow 1nto the cutter guide grooves
62a and 64a. This prevents thermal spread from being caused
by the flmd discharged from the living tissue L in a state
where the temperature rises, and accordingly, can prevent a
portion other than the treatment target from being influenced.

Subsequently, the control section 102 judges whether or
not the impedance 7 during the high-frequency energy output
calculated based on a signal from the high-frequency energy
output circuit 104 exceeds a threshold value Z1 (here, about

1000 [€2] as shown 1n FIG. 6B) set beforehand (STEP 1) by
the display section 110 (STEP 4). The threshold value 71 1s
set to such a value that the rise ratio of the beforehand known
value of the impedance 7 lowers. Subsequently, when 1t 1s
judged that the impedance Z 1s smaller than the threshold
value 71, processing 1s returned to STEP 3. That 1s, the
high-frequency energy for the treatment 1s continuously
applied to the living tissue L.~ grasped between the first and
second continuous electrodes 76 and 86 of the first and second
holding members 62 and 64.

When 1t 1s judged that the impedance Z becomes larger
than the threshold value Z1, the control section 102 transmuits
the signal to the first high-frequency energy output circuit
104. Then, the output from the first high-frequency energy
output circuit 104 to the first and second continuous elec-
trodes 76 and 86 1s stopped (STEP 5).

Next, the second high-frequency energy output circuit 106
of the energy source 14 supplies energy to the living tissue
(the living tissue of a second region) L - between the first and
second discrete electrodes 78 and 88 (STEP 6). That 1s, the
second high-frequency energy output circuit 106 supplies the
energy to the living tissue L between the first and second
discrete electrodes 78 and 88 1n a state temporally ofiset from
the time when the first high-frequency energy output circuit
104 supplies the energy to the living tissue L~ between the
first and second continuous electrodes 76 and 86 (1n a state
where an output timing 1s oifset).

Subsequently, the second high-frequency energy output
circuit 106 supplies the set power P2set] W] beforehand set by
the display section 110, e.g., a power of about 20 [ W] to 80
| W] between the first and second discrete electrodes 78 and
88 of the first and second holding members 62 and 64. It 1s to
be noted that the output from the second high-frequency
energy output circuit 106 to the first and second discrete
clectrodes 78 and 88 may be larger or smaller than that from
the first high-frequency energy output circuit 104 to the first
and second continuous electrodes 76 and 86. Such an output
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largeness 1s approprately set 1n accordance with the treat-
ment target, the purpose or the like before the treatment
(STEP 1).

In consequence, the high-frequency current tlows through
the living tissue L. grasped between the first and second
holding members 62 and 64, and the heat 1s generated from
the living tissue L by the function of the Joule heat to start the
cauterization of the tissue (the denaturalization of the tissue).
In this case, the living tissue L. between the first and second
discrete electrodes 78 and 88 1s discretely denatured by the
clectrodes 78 and 88. At this time, the impedance Z of the
grasped living tissue L. 1s measured by the second high-
frequency energy output circuit 106 via the first and second
discrete electrodes 78 and 88. As to the impedance Z at the
start of the treatment, since the living tissue L 1s not dena-
tured, the threshold value Z1 of FIG. 6B can be replaced with
a threshold value 72, and the first impedance Z 1s, for
example, Z0. Moreover, when the high-frequency current
flows through the living tissue L -to cauterize the living tissue
L., the value of the impedance Z rises.

Furthermore, after starting the output from the second
high-frequency energy output circuit 106, preferably continu-
ously from the output of the first high-frequency energy out-
put circuit 104, the temperature T 1n the vicinity of the living
tissue L~ which abuts on the first discrete electrodes 78 con-
tinues to be measured by the temperature sensors 80 embed-
ded in the main body 72 of the first holding member 62.
Subsequently, i1t 1s judged whether or not the temperature T
reaches a predetermined temperature T1 (STEP 7). When the
temperature 11 1s reached, the output to the second high-
frequency energy output circuit 106 1s stopped (STEP 8). It1s
then waited until the temperature T in the vicinity of the living
tissue L. which abuts on the first discrete electrodes 78 falls
below the temperature T1. When it 1s judged that the tempera-
ture T falls below the set temperature T1 (STEP 9), the energy
1s again supplied to the second high-frequency energy output
circuit 106 (STEP 10). In this way, the temperature 11 1s used
as the threshold value, thereby automatically switching on/off
the supply of the energy from the second high-frequency
energy output circuit 106.

Subsequently, as the living tissue L-1s cauterized, the fluid
(e.g., the liquid (the blood) and/or the gas (the water vapor))
1s discharged from the living tissue L., At this time, the
holding faces 7256 and 825 of the first and second holding
members 62 and 64 have a higher degree of close contact with
the living tissue L~ than the first and second discrete elec-
trodes 78 and 88. Therelfore, the holding faces 726 and 825
function as the barrier portions (dams) which 1nhibit the fluid
from escaping to the outside from the first and second holding
members 62 and 64. Consequently, the fluid discharged from
the living tissue L - 1s caused to flow into the cutter guide
grooves 62a and 64a further inside the first continuous elec-
trode 76 inside the first discrete electrodes 78 and further
inside the second continuous electrode 86 inside the second
discrete electrodes 88, and the fluid 1s, for example, sucked to
flow from the first and second holding members 62 and 64 to
the shait 24. While the fluid 1s discharged form the living
tissue L, the fluid continues to flow into the cutter guide
grooves 62a and 64a. This can prevent the thermal spread
from being caused by the fluid discharged from the living
tissue L. 1n a state where the temperature 1s raised, and can
prevent the portion which 1s not the treatment target from
being intfluenced. At this time, since the output timings of the
first and second high-frequency energy output circuit 104 and
106 are offset, the fluid can be supplied through the cutter
guide grooves 62a and 64a 1n a state where mutual interfer-
ence 1s prevented.
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Next, the control section 102 judges whether or not the
impedance 7 during the high-frequency energy output calcu-
lated based on the signal from the second high-frequency
energy output circuit 106 exceeds the preset threshold value
72 (here, about 1000 [£2] as shown 1n FIG. 6B) (STEP 11).
The threshold value 72 1s preferably set to such a value that
the rise ratio of the beforehand known value of the impedance
7. lowers. Subsequently, when it 1s judged that the impedance
7. 1s smaller than the threshold value Z2, the processing is
returned to STEP 6. That 1s, while switching on/off 1n accor-
dance with the temperature 'T1, the high-frequency energy for
the treatment 1s applied to the living tissue L, grasped
between the first and second discrete electrodes 78 and 88 of
the first and second holding members 62 and 64.

When 1t 1s judged that the impedance Z becomes larger
than the threshold value Z2, the control section 102 transmuits
the signal to the second high-frequency energy output circuit
106. Then, the output from the second high-frequency energy
output circuit 106 to the first and second discrete electrodes
78 and 88 1s stopped (STEP 12).

Subsequently, after stopping the output, a buzzer is
sounded by the control section 102 via the speaker 112 (STEP
13). In consequence, 1t 1s possible to easily recognize the end
of the treatment of the living tissue L, performed by the
second high-frequency energy output circuit 106 through the
first and second discrete electrodes 78 and 88.

It 1s to be noted that the treatment 1s performed from the
“start’” to the “end” shown 1n FIG. S while the pedal 16a ot the
foot switch 16 1s pressed, but if the pressed pedal 164 1s
released between the “start” and the “end”, the control section
102 forcibly stops the treatment upon releasing the pressed
pedal 16a. That 1s, when the pressed pedal 164 1s released, the
control section 102 stops the outputs of both the first and
second high-frequency energy output circuits 104 and 106.

Here, there will be described a case where, for example,
intestinal canals I, and I ~, of a small intestine disposed side
by side are joined to each other, and the joined intestinal
canals I ~, and I -, are sealed by use of the treatment system 10
having such a function as shown 1n FIGS. 7A to 7C.

The display section 110 of the energy source 14 1s operated
to beforehand set the outputs from the first and second high-
frequency energy output circuits 104 and 106. At this time,
the pair of intestinal canals I, and I -, disposed side by side
are to be first joined to each other, and hence the output from
the second high-frequency energy output circuit 106 1s preset
to be appropriately high.

The holding faces 726 and 826 of the first and second
holding members 62 and 64 hold the pair of intestinal canals
I, and I ., arranged side by side so as to sandwich the wall
surfaces ol both the intestinal canals 1., and I, therebe-
tween.

When the pedal 16a of the foot switch 16 1s pressed 1n this
state, the energy 1s supplied to the living tissue L -between the
first and second continuous electrodes 76 and 86. In conse-
quence, the intestinal canals 1 -, and I -, are heated and dena-
tured by the first and second continuous electrodes 76 and 86.

Subsequently, when the living tissue L - between the first
and second continuous electrodes 76 and 86 reaches the pre-
determined threshold value Z1, the output of the energy from
the first high-frequency energy output circuit 104 1s stopped.

Afterward, the energy 1s supplied to the living tissue L,
between the first and second discrete electrodes 78 and 88. In
consequence, the first and second discrete electrodes 78 and
88 heat and denature the intestinal canals 1, and I .

Subsequently, when the temperature T reaches the prede-
termined temperature T1, the output 1s automatically stopped
(OFF). When the temperature falls below the temperature T1,
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the energy 1s automatically output (ON). When the output 1s
repeatedly switched on/off and the impedance Z of the living
tissue between the first and second discrete electrodes 78 and
88 reaches the predetermined threshold value 72, the output
from the second high-frequency energy output circuit 106 1s
completely stopped.

It 1s to be noted that when the impedance Z of the living
tissue L. between the first and second continuous electrodes
76 and 86 reaches the threshold value Z1, the intestinal canals

I, and I -, are heated, denatured and joined to each other by
the first and second continuous electrodes 76 and 86. When
the impedance Z of the living tissue L.~ between the first and
second discrete electrodes 78 and 88 reaches the predeter-
mined threshold value Z2, the intestinal canals I -, and I ., are
heated, denatured and joined to each other by the first and
second discrete electrodes 78 and 88. In this way, the 1ntesti-
nal canals I, and I ., are continuously and discretely dena-
tured and joined (anastomosed) to each other.

Subsequently, while the intestinal canals 1., and I, are
grasped between the first and second holding members 62 and
64, the cutter driving knob 34 shown 1n FIG. 1A 1s operated to
move the cutter 54 forwards along the cutter guide grooves
62a and 64a from the state shown in FIGS. 2A and 2B. As the
cutter 54 1s moved forwards, the 1nside of a portion denatured
and joined by the first and second continuous electrodes 76
and 86 1s cut with the blade 54q at the distal end of the cutter.
Subsequently, the inside of the substantially U-shaped por-
tion denatured by the first and second continuous electrodes
76 and 86 1s cut to the vicinity of the distal end of the portion
with the cutter 534. In consequence, as shown 1n FIG. 7A, a
portion between the substantially U-shaped sealed wall sur-
taces of the intestinal canals I -, and I -, 1s cut to connect the
wall surfaces of the intestinal canals I, and I -, each other.

The cutter driving knob 34 1s operated 1n this state to move
the cutter 54 backwards. Afterward, the holding section open-
ing/closing knob 32 of the handle 22 1s operated to open the
first and second holding members 62 and 64. At this time, a
first anastomosed portion A ., on a mesenterium M side and a
second anastomosed portion A,,, on a side opposite to the
mesenterium M side are formed. As shown 1n, for example,
FIG. 7B, the continuously joined outer portions of the first
anastomosed portion A, and the second anastomosed por-
tion A, are discretely denatured.

Subsequently, the display section 110 of the energy source
14 1s again operated to set the output from the first high-
frequency energy output circuit 104 to a high output in accor-
dance with the treatment target (the intestinal canals I, and
[, are sealed).

The first and second holding members 62 and 64 are closed
to hold the ends of the intestinal canals I, and I ~,. The pedal
16a of the foot switch 16 1s pressed in this state to apply the
energy from the first high-frequency energy output circuit
104 to the first and second continuous electrodes 76 and 86
until the impedance Z reaches the threshold value Z1. In
consequence, the ends of the intestinal canals I -, and I -, are
joined to each other by the first and second continuous elec-
trodes 76 and 86 to form a seal portion Sp.

Consequently, as shown in FIG. 7C, the ends of the intes-
tinal canals I~, and I, are denatured and sealed by the first
and second continuous electrodes 76 and 86. That 1s, the ends
of the intestinal canals I ~, and I -, are provided with the seal
portion Sp. At this time, the cross section cut along the 7A-7A
line of FI1G. 7C schematically has the state shown1in FIG. 7A.
In consequence, the intestinal canals 1~, and I, having the
ends thereot sealed with the seal portion Sp are anastomosed
with each other.
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Afterward, the energy 1s applied from the second high-
frequency energy output circuit 106 to the first and second
discrete electrodes 78 and 88 until the impedance Z reaches
the threshold value Z2. Atthis time, as described above, when
the temperature T reaches the threshold value T1, the output
1s stopped (OFF). When the temperature falls below the
threshold value T1, the energy 1s output (ON), and the ends of
the intestinal canals I, and I, are joined to each other by the
first and second discrete electrodes 78 and 88. Subsequently,
when the impedance Z reaches the threshold value 72, the
output from the second high-frequency energy output circuit
106 1s stopped.

It 1s to be noted that the extra portion of the seal portion Sp
1s cut with, for example, the cutter 54. At this time, the
continuously joined peripheral portion of the sealed end (the
seal portion Sp) of the intestinal canals 1., and I, 1s dis-
cretely denatured in the same manner as shown i FIG. 7B.
That 1s, the living tissue between the portions of the intestinal
canals I, and I, denatured and joined by the first and second
discrete electrodes 78 and 88 1s not denatured. Theretore, the
periphery (the vicinity) of the portion of the living tissue
joined by the first and second discrete electrodes 78 and 88
comes 1n (close) contact with the living tissues of the intesti-
nal canals I, and I ~, which are not denatured.

Therefore, at the first anastomosed portion A, on the
mesenterium M side, a force 1s exerted 1n a direction in which
the intestinal canals I, and I, come 1n close contact with
cach other. In this case, the portion of the living tissue dena-
tured by the first and second discrete electrodes 78 and 88
exerts such a force that the living tissues more firmly come 1n
close contact with each other. Furthermore, at the second
anastomosed portion A ., on the side opposite to the mesen-
tertum M side, a force F, 1s exerted 1n a direction in which the
intestinal canals I, and I -, open, but the portion of the living
tissue denatured by the first and second discrete electrodes 78
and 88 exerts such a force that the living tissues come 1n close
contact with each other. Therefore, the mutual network of the
living tissues of the intestinal canals I, and I, which are not
denatured 1s generated, and the tissue regenerative force of
the living tissue 1s exerted, whereby the living tissues of the
intestinal canals I -, and I -, are regenerated earlier.

As described above, according to this embodiment, the
following eil

ect 1s obtained.
The first continuous electrode 76 and the first discrete
clectrodes 78 are separately arranged on the first holding
member 62, and the second continuous electrode 86 and the
second discrete electrodes 88 are separately arranged on the
second holding member 64. Therefore, 1t 1s possible to sepa-
rately set the output from the first high-frequency energy
output circuit 104 to the first and second continuous elec-
trodes 76 and 86 and the output from the second high-ire-
quency energy output circuit 106 to the first and second
discrete electrodes 78 and 88. Subsequently, after stopping
the output from the first high-frequency energy output circuit
104, the energy 1s output from the second high-frequency
energy output circuit 106 to treat the living tissue L. That 1s,
since the output timing 1s offset, 1t 1s possible to prevent
interference between the fluid generated from the first and
second continuous electrodes 76 and 86 by the output from
the first high-frequency energy output circuit 104 and the
fluid generated from the first and second discrete electrodes
78 and 88 by the output from the second high-frequency
energy output circuit 106. In consequence, the fluid generated
by the treatment of the living tissue L ~can securely be guided
to the cutter guide grooves 62a and 64a.
Moreover, the respective outputs from the first
quency energy output circuit 104 and the second
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quency energy output circuit 106 can be set for each treat-
ment, so that various treatments can easily be performed, and
the versatility of the treatment can be broadened. That 1s, the
surgical treatment instrument 12 can optimally be set 1n
accordance with various use applications, to perform the
treatment, merely by operating the display section 110 to
change the settings thereol.

As described above, the first continuous electrode 76 and
the first discrete electrodes 78 are arranged on the holding
tace 726 of the first holding member 62, and the second
continuous electrode 86 and the second discrete electrodes 88
are arranged on the holding face 825 of the second holding
member 64. In consequence, the living tissues (e.g., the intes-
tinal canals I, and I.,) between the first continuous elec-
trode 76 of the first holding member 62 and the second con-
tinuous electrode 86 of the second holding member 64 can be
heated, denatured and continuously jomed to each other.
Therefore, when, for example, tubular living tissues are
joined to each other, the output from the second high-fre-
quency energy output circuit 106 1s increased. When the
living tissues are sealed to each other, the output from the first
high-frequency energy output circuit 104 1s increased. Thus,
the treatment can be performed 1n an optimum state.

At this time, as shown 1n, for example, FI1G. 7B, portions of
the living tissues continuously denatured and joined to each
other are positioned close to portions of the living tissues
discretely denatured and joined to each other. Then, a portion
which 1s not denatured 1s present between the living tissues
around the portions of the living tissues discretely denatured
and joined to each other. In consequence, 1t 1s possible to
maintain a state where the living tissues which are not dena-
tured around the discretely denatured and joined portions are
brought into (close) contact with each other. That 1s, the first
and second discrete electrodes 78 and 88 perform an 1impor-
tant role 1n maintaining the close contact state of the living
tissues to which the force F, having, for example, such a
direction that the tissues come away from each other is
applied.

In a case where, for example, two intestinal canals I, and
[, are anastomosed with each other, the force I, 1s exerted 1n
a direction 1n which the intestinal canals I, and I, come
away from each other on the side opposite to the mesenterium
M side shown 1n FIGS. 7A and 7C. However, the intestinal
canals I, and I, are discretely joined to each other by the
first and second discrete electrodes 78 and 88, so that the
intestinal canals I~, and I~, can discretely be joined to each
other. Theretfore, the mutual close contact state of the intes-
tinal canals I -, and I, can be maintained.

Therefore, the portions of the living tissues joined to each
other by the first and second discrete electrodes 78 and 88
perform a function of maintaining a state where the living
tissues are drawn to each other and brought into close contact
with each other. That 1s, the portions of the living tissues
joined to each other by the first and second discrete electrodes
78 and 88 perform a function of maintaining the conglutina-
tion of the living tissues. Therefore, the mutual network of the
living tissues brought into close contact (conglutinated) with
cach other 1s generated, and the tissue regenerative force of
the living tissue 1s more easily exerted, whereby the living
tissue can be regenerated earlier.

It 1s to be noted that in this embodiment, 1t has been
described that the first discrete electrodes 78 of the first hold-
ing member 62 are arranged at substantially equal intervals,
and have a substantially equal area, but the space between the
adjacent discrete electrodes 78 preferably varies, and the
areas of the discrete electrodes 78 preferably vary, respec-
tively. When the tissues are discretely treated by the discrete




US 9,033,983 B2

19

clectrodes 78, the portions which come 1n contact with the
discrete electrodes 78 are denatured. However, the discrete
clectrodes 78 may variously be modified as long as 1t 1s
possible to maintain a state where a part of the living tissue
between the discrete electrode 78 and the discrete electrode
78 adjacent to the former discrete electrode 78 1s not dena-
tured and the living tissues are brought into contact with each
other. Needless to say, this also applies to the second discrete
clectrodes 88 of the second holding member 64.

Moreover, the plurality of first and second discrete elec-
trodes 78 and 88 of the first and second holding members 62
and 64 may preferably be replaced with heaters (heat genera-
tion elements), or the first and second continuous electrodes
76 and 86 of the first and second holding members 62 and 64
may preferably be replaced with heaters (heat generation
clements). Moreover, the plurality of first and second discrete
electrodes 78 and 88, and the first and second continuous
clectrodes 76 and 86 of the first and second holding members
62 and 64 may preferably all be replaced with the heaters.
Furthermore, the heaters may be arranged on the back sur-
taces of the electrodes to conduct the heat from the heaters to
the electrodes, thereby treating the living tissue with the high-
frequency energy and heat energy. The heaters are arranged
instead of, for example, the temperature sensors 80 shown 1n
FIG. 3D. When the heaters are used, for example, the first
high-frequency energy output circuit 104 of the energy source
14 1s also used as a circuit for applying the energy to the
heaters.

Moreover, 1n this embodiment, a case where the cutter 54 1s
provided has been described, but the cutter 34 does not have
to be provided, depending on the treatment target. When the
cutter 54 1s not provided, the cutter guide grooves 62a and 64a
can function as flmd discharge grooves (channels) which
guide a fluid such as vapor or a liquid generated from the
living tissue to the handle 22 side of the energy treatment
instrument 12.

Here, 1t has been described that as shown 1n FIG. 1B, the
bipolar type surgical treatment nstrument 12 including the
clectrodes provided on the first and second holding members
62 and 64 and having different potentials (a potential between
the first continuous electrode 76 and the second continuous
clectrode 86 and a potential between the first and second
discrete electrodes 78 and 88) 1s used for performing the
high-frequency energy treatment. However, as shown 1n FIG.
3E, a monopolar type surgical treatment instrument for per-
forming the high-frequency energy treatment may preferably
be used. In this case, a return electrode plate 130 1s attached to
a patient P to be treated. This return electrode plate 130 1s
connected to the energy source 14 via an energization line
132. Furthermore, the first continuous electrode 76 of the first
holding member 62 1s electrically connected to the second
continuous electrode 86 of the second holding member 64 via
the first electrode energization line 765 and the third electrode
energization line 865 1n an equal potential state. Moreover,
the first discrete electrodes 78 of the first holding member 62
are electrically connected to the second discrete electrodes 88
of the second holding member 64 via the second electrode
energization line 785 and the fourth electrode energization
line 886 1n the equal potential state. In these cases, the areas
of the lving tissue L~ which come 1n contact with the con-
tinuous electrodes 76 and 86 and the discrete electrodes 78
and 88 are small, respectively, so that a current density 1s high,
but the current density of the return electrode plate 130 low-
ers. Therefore, the living tissue L~ grasped between the first
and second holding members 62 and 64 1s heated, whereas the
living tissue L~ which comes 1n contact with the return elec-
trode plate 130 1s heated less to a negligible degree. There-
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fore, the only portions of the living tissue L -that are grasped
between the first and second holding members 62 and 64 and
that come 1n contact with the continuous electrodes 76 and 86
and the discrete electrodes 78 and 88 are heated and dena-
tured.

Moreover, although not shown, the electrodes may prefer-
ably be arranged on only one of the first and second holding
members 62 and 64 in a case where the monopolar type
surgical treatment mstrument 1s used.

Furthermore, 1n this embodiment, the use of the two high-
frequency energy output circuits 104 and 106 has been
described, but the number of the circuits 1s not limited to two,
and three, four or more circuits may appropriately be used 1n
accordance with the treatment. That 1s, 1n the treatment, set-
ting can be performed with the display section 110, and the
optimization of the treatment can be achieved.

In this embodiment, the energy 1s output as shown 1n FIG.
6A, but as shown 1 FIG. 6C, the output from the second
high-frequency energy output circuit 106 may be increased as
compared with the output from the first high-frequency
energy output circuit 104 to shorten the treatment time by
causing the impedance Z to reach the threshold value 72 early
while shortening the time to reach the predetermined tem-
perature 11.

Moreover, as shown 1 FIG. 6D, the first high-frequency
energy output circuit 104 and the second high-frequency
energy output circuit 106 preferably alternately output the
energy 1n a state where the output timing 1s offset. Further-
more, the constitution in which the impedances Z1 and 72
and the set powers Plset and P2set are set by the operator has
been described, but proper values may be programmed
betorehand.

[First Modification of First Embodiment]

Next, a first modification of the first embodiment will be
described with reference to FIGS. 8 A and 8B. The description
of the same members as those described 1n the first embodi-
ment or members performing the same function as those of
the first embodiment 1s omitted. This heremafter applies to
second to fourth modifications.

As shown 1n FIG. 8A, a first continuous and discrete elec-
trodes 76 and 78 are arranged at substantially the same posi-
tions as those of the first embodiment shown 1n FIG. 3A.

As shown 1n FIGS. 8A and 8B, outside the first continuous
clectrode 76, a main body 72 of a first holding member 62 1s
provided with a first fluid discharge groove (a continuous
clectrode fluid discharge groove) 152 as a channel of a fluid
such as vapor or high-temperature liquid. Outside the first
fluid discharge groove 152, a continuous electrode barrier
portion (a dam) 154 1s formed so that a fluid such as the vapor
or the high-temperature liquid discharged by the function of
the first continuous electrode 76 enters the first fluid discharge
groove 152. As shown 1n FIG. 8B, the barrier portion 154 1s
projected from the flat surface of a holding face 7254.

In the outer periphery of each of the first discrete electrodes
78 of the main body 72, a second fluid discharge groove (a
discrete electrode fluid discharge groove) 162 1s formed as a
channel of a fluid such as the vapor or the high-temperature
liquid. On the outer periphery of the second fluid discharge
groove 162, a barrier portion 164 for the discrete electrode 1s
formed so that a fluid such as the vapor or the high-tempera-
ture liquid discharged by the function of the first discrete
clectrodes 78 enters the second fluid discharge groove 162. As
shown 1n FIG. 8B, the barrier portion 164 1s projected from
the flat surface of the holding face 72b.

The first and second discharge grooves 152 and 162 are
connected by communication paths 170. The communication
paths 170 1s formed as a conduit. That 1s, the communication
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path 170 1s formed 1n the main body 72. Moreover, the com-
munication path 170 1s connected to a cutter guide groove 624
via a base portion 74. That 1s, the first and second fluid
discharge grooves 152 and 162 are connected to the cutter
guide groove 62a via the base portion 74. 5

It 1s to be noted that in the same manner as 1 a second
holding member 64, a fluid discharge groove (conveniently
denoted with reference numeral 172) 1s formed outside a
second continuous electrode 86, and a barrier portion (con-
veniently denoted with reference numeral 174) 1s formed 10
outside the fluid discharge groove 172. Moreover, a fluid
discharge groove (conveniently denoted with reference
numeral 182) 1s formed 1n the outer periphery of each second
discrete electrode 88 of the second holding member 64, and a
barrier portion (conveniently denoted with reference numeral 15
184) 1s formed on the outer periphery of the fluid discharge
groove 182. Moreover, the fluid discharge groove 172 outside
the second continuous electrode 86 1s connected to the tluid
discharge groove 182 in the outer periphery of the second
discrete electrode 88 via a communication path (conveniently 20
denoted with reference numeral 190).

Next, the schematic operation of a treatment system 10
according to this modification will be described.

As described 1n the first embodiment, a living tissue L - as
a treatment target 1s held between the first and second holding 25
members 62 and 64. At this time, the barrier portions 154 and
164 of the main body 72 of the first holding member 62 and
the barrier portions 174 and 184 of a main body 82 of the
second holding member 64 come 1n close contact with the
living tissue L, and the living tissue L .comes 1n contact with 30
the first and second continuous electrodes 76 and 86, and the
first and second discrete electrodes 78 and 88.

A pedal 16a of a foot switch 16 1s operated 1n this state.
Energy 1s supplied from an energy source 14 to the first and
second continuous electrodes 76 and 86. Then, the living 35
tissue L - between the first and second continuous electrodes
76 and 86 1s heated by high-frequency energy. At this time, a
fluad such as vapor or a liquid 1s discharged from, for example,
the heated portion of the living tissue L.

Here, the first fluid discharge groove 152 of the main body 40
72 of the first holding member 62 1s disposed outside the first
continuous electrode 76, and the second fluid discharge
grooves 162 are arranged 1n the outer peripheries of the first
discrete electrodes 78. The first fluid discharge groove 172 of
the main body 82 of the second holding member 64 1s dis- 45
posed outside the second continuous electrode 86, and the
second fluid discharge grooves 182 are arranged 1n the outer
peripheries of the second discrete electrodes 88.

In consequence, the fluid discharged owing to the functions
of the first and second continuous electrodes 76 and 86 flows 50
into the cutter guide groove 62a and 64a, and also tlows into
the first and second fluid discharge grooves 152 and 172.
Then, the fluid 1s prevented from flowing out by the barrier
portions 154 and 174. Therefore, the fluid discharged from
the living tissue L -1s kept internally from the barrier portions 55
154 and 174, and 1s prevented from escaping to the outside.
That 1s, the barrier portions 154 and 174 function as dams
which prevent the fluid discharged from the living tissue L -
from leaking to the outside of the barrier portions 154 and
174. 60

Moreover, the tluid 1s discharged to the outside of a surgical
treatment 1nstrument 12 via a fluid discharge port 44a of a
sheath 44 through a fluid discharge port 42a of a cylindrical
member 42 of a shait 24.

After a treatment by use of the first and second continuous 65
clectrodes 76 and 86, the energy 1s supplied to the first and
second discrete electrodes 78 and 88 in a state where an
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output timing 1s oifset to the treatment by use of the first and
second continuous electrodes 76 and 86.

The living tissue L - between the first and second discrete
clectrodes 78 and 88 1s heated by the high-frequency energy.
At this time, a fluid such as the vapor or the liquid 1s dis-
charged from, for example, the heated portion of the living
tissue L.

The fluid discharged by the functions of the first and second
discrete electrodes 78 and 88 flows into the second fluid
discharge grooves 162 and 182. Then, the fluid i1s prevented
from flowing out by the barrier portions 164 and 184. In
consequence, the fluid discharged from the living tissue L~ 1s
kept imnternally from the barrier portions 164 and 184, and 1s
prevented from escaping to the outside. That 1s, the barrier
portions 164 and 184 function as dams which prevent the fluid
discharged from the living tissue L. from leaking to the out-
side from the barrier portions 164 and 184.

The fluid which has flowed 1nto the second fluid discharge
grooves 162 and 182 flows into the first fluid discharge
grooves 152 and 172 through the communication paths 170
and 190. Then, this fluid tlows toward the base portion 74 of
the first holding member 62 and the base portion 84 of the
second holding member 64. Furthermore, the fluid flows 1nto
the cutter guide grooves 62a and 64a connected to the first
fluid discharge grooves 152 and 172 1n, for example, the base
portions 74 and 84. The first tluid discharge grooves 152 and
172 are connected inside the cylindrical member 42 of the
shaft 24 (not shown).

Then, the fluid 1s discharged to the outside of the surgical
treatment instrument 12 via the fluid discharge port 44a of the
sheath 44 through the fluid discharge port 42a of the cylin-
drical member 42 of the shait 24.

As described above, according to this modification, the
following eflect 1s obtained. The description of an effect
similar to that described in the first embodiment 1s omitted.

When a high-frequency current 1s applied to the living
tissue L -as the treatment target held by a holding section 26
of the surgical treatment mnstrument 12, the barrier portions
154,164, 174 and 184 are brought into close contact with the
living tissue, whereby even when the fluid discharged from
the living tissue L as the treatment target flows toward the
barrier portions 154 and 164 of the first holding member 62
and the barrier portions 174 and 184 of the second holding
member 64, the fluid can be introduced into the first and
second fluid discharge grooves 152 and 162 of the first hold-
ing member 62, the first and second fluid discharge grooves
172 and 182 of the second holding member 64 and the com-
munication paths 170 and 190.

In consequence, the peripheral tissue can be prevented
from being influenced by the fluid discharged from the por-
tions treated by the high-frequency energy during the treat-
ment of the living tissue L. That 1s, a part influenced during
the treatment of the living tissue L-can be limited to the living,
tissue L, to which the high-frequency current 1s supplied
between the first and second continuous electrodes 76 and 86,
and between the first and second discrete electrodes 78 and
88.

Moreover, the outflow timing of the flmd generated from
the living tissue L between the first and second continuous
clectrodes 76 and 86 1s shifted from that of the fluid generated
from the living tissue L - between the first and second discrete
clectrodes 78 and 88. This can prevent the fluids from 1nter-
tering with each other in fluid channels (the first and second
fluid discharge grooves 152, 162, 172 and 182 and the com-
munication paths 170 and 190).

Therefore, according to this modification, a fluid such as
the vapor or liquid (a high-temperature body flmid) generated
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from the living tissue L - 1s discharged to the outside of the
surgical treatment mstrument 12 on the side of, for example,
the proximal end of the shaft 24 or a handle 22, whereby a
living tissue around the living tissue L -as the treatment target
can be inhibited from being influenced by a fluid such as the
vapor or liquid (the body fluid).

Thus, 1t 1s 1important to guide a fluid such as the vapor or
liquid to a position which does not come 1n contact with the
tissue so that the thermal influence on the living tissue L, 1s
suppressed. In the case of the treatment of a tissue which 1s
larger than the holding section 26 to such an extent that the
periphery of the holding section 26 1s covered, the outside of
the holding section 26 can be prevented from being thermally
influenced. In a case where even a small open portion (space)
through which a fluid such as the vapor or liquid leaks 1s
formed 1n the holding section 26, the fluid 1s discharged from
the portion to thermally influence the living tissue L - around
the holding section 26.

Moreover, even when the peripheries of the electrodes
(energy release portions) 76, 78, 86 and 88 are covered with
the barrier portions 154, 164, 174 and 184 to eliminate such
an open portion, an open portion might be formed by a fluid
pressure such as a vapor pressure generated from the living
tissue L, and the fluid might be discharged. Therefore, it 1s a
usetul means to provide channels (the first and second tluid
discharge grooves 152, 162, 172 and 182 and the communi-
cation paths 170 and 190) which suppress the discharge of the
unnecessary fluid due to the rise of the fluid pressure and
which guide and discharge the fluid 1n a predetermined direc-
tion.

[Second Modification of First Embodiment]

Next, a second modification of the first embodiment will be
described with reference to FIG. 8C.

As shown 1n FIG. 8C, a communication path 170 (herein-
alter referred to as the first communication path) 1s formed as
a conduit. The first communication path 170 1s provided with
a tubular second communication path 170a also connected to
a cutter guide groove 62a 1n a main body 72.

In this way, a flmd generated from a living tissue L. -can be
passed through the tubular first and second communication
paths 170 and 170a to prevent, for example, the fluid which
might have a high temperature from being brought 1nto con-
tact with the living tissue L.~ as much as possible.

| Third Modification of First Embodiment]

Next, a third modification of the first embodiment will be
described with reference to FIGS. 9A to 12B.

As shown 1n FIG. 9B, a communication path 170 of first
and second fluid discharge grooves 152 and 162 1s formed as
a conduit 1n the same manner as shown 1 FIG. 8C of the
second modification. Furthermore, a communication path
170a which connects the first fluid discharge groove 152 to a
cutter guide groove 62a 1s also formed as a conduit.

As shown 1n FIGS. 9A and 9B, a cooling pipe 192 made of
copper or the like having a satisfactory thermal conductivity
1s fixed to the edges of a main body 72 and a base portion 74
of a first holding member 62. Through the cooling pipe 192,
a refrigerant such as cooling water (a liquid) or cooling air (a
gas) 1s supplied.

A holding face 7256 of the main body 72 is provided with a
cooling plate 194 such as a copper plate having a satisfactory
thermal conductivity. The cooling plate 194 1s fixed to the
main body 72 in a state where the plate comes in close contact
with the cooling pipe 192. Therefore, when the refrigerant 1s
passed through the cooling pipe 192, heat from the refrigerant
1s conducted from the cooling pipe 192 to the cooling plate
194. That 1s, the cooling plate 194 i1s cooled by the heat
conducted from the cooling pipe 192.
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Moreover, as shown in FIG. 10, 1n an energy source 14 of
this modification, a cooling output circuit 108a 1s connected
to a control section 102 1nstead of the temperature measure-
ment circuit 108 described 1n the first embodiment. The cool-
ing output circuit 108a can pass the refrigerant through the
cooling pipe 192 of the surgical treatment mstrument 12 1n
accordance with an instruction from the control section 102.

Next, an operation of a treatment system 10 according to
this embodiment will be described.

FIG. 11 shows one example of a control tlow of the surgical
treatment mstrument 12 by a first high-frequency energy out-
put circuit 104 and a second high-frequency energy output
circuit 106.

An operator beforechand operates a display section 110 of
the energy source 14 to beforechand set the output conditions
of the treatment system 10 (STEP 101). Specifically, the
operator beforehand sets the outputs (set powers Plset| W]
and P2set[W]) from the first high-frequency energy output
circuit 104 and the second high-frequency energy output cir-
cuit 106, threshold values Z1 and Z2 of an impedance Z of a
living tissue L, a time of one output from the second high-
frequency energy output circuit 106 (set time t1, t2) and the
like.

The lving tissue L, as a treatment target 1s grasped
between the first and second holding members 62 and 64. At
this time, the living tissue L.-as the treatment target comes in
contact with both a first and second continuous electrode 76
and 86 of the first and second holding members 62 and 64.
The living tissue L - as the treatment target comes 1n contact
with both first and second discrete electrodes 78 and 88 of the
first and second holding members 62 and 64. A peripheral
tissue of the living tissue L - as the treatment target comes in
close contact with both facing contact faces at the edge of the
holding face 726 of the first holding member 62 and the edge
(not shown) of a holding face 825 of the second holding
member 64. In consequence, the living tissue L comes in
close contact with the cooling plate 194.

In this way, apedal 16a of a foot switch 16 1s operated in the
state where the living tissue L 1s grasped between the first
and second holding members 62 and 64. The control section
102 of the energy source 14 judges whether or not the pedal
16a of the switch 16 has been pressed to switch on by the
operation of the operator (STEP 102).

When 1t 1s judged that the pedal 16a of the switch 16 has
been pressed to switch on, high-frequency energy 1s supplied
from the first high-frequency energy output circuit 104 of the
energy source 14 to the living tissue (the living tissue of a first
region) L~ between the first continuous electrode 76 and the
second continuous electrode 86 (STEP 103).

Consequently, the first high-frequency energy output cir-
cuit 104 supplies a high-frequency current to the living tissue
L. as the treatment target between the first and second con-
tinuous electrodes 76 and 86 of the first and second holding
members 62 and 64 as shown in the upper stage of FIG. 12A.
That 1s, the high-frequency energy 1s applied to the living
tissue L. grasped between the electrodes 76 and 86. In con-
sequence, the living tissue L - 1s continuously denatured (a
substantially U-shape) by the first and second continuous
clectrodes 76 and 86.

Next, the control section 102 judges whether or not the
impedance Z during the high-frequency energy output calcu-

lated based on a signal from the high-frequency energy output
circuit 104 exceeds the threshold value Z1 (here, about 1000

[€2] as shown 1n FIG. 6B) beforechand (STEP 101) set by the
display section 110 (STEP 104). The threshold value 71 1is set
to such a value that the rise ratio of the beforehand known

value of the impedance 7 falls. Subsequently, when it 1s
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judged that the impedance 7Z 1s smaller than the threshold
value 71, processing 1s returned to STEP 103. That 1s, the
high-frequency energy for the treatment 1s continuously
applied to the living tissue L.~ grasped between the first con-
tinuous electrode 76 of the first holding member 62 and the
second continuous electrode 86 of the second holding mem-
ber 64.

When 1t 1s judged that the impedance Z becomes larger
than the threshold value Z1, the control section 102 transmits
the signal to the first i gh frequency energy output circuit
104. Then, the output from the first high-frequency energy
output circuit 104 to the first and second continuous elec-
trodes 76 and 86 1s stopped (STEP 105).

Next, the second high-frequency energy output circuit 106
of the energy source 14 supplies energy to the living tissue
(the living tissue of a second region) L. between the first and
second discrete electrodes 78 and 88 (STEP 106). That 1s, the
second high-frequency energy output circuit 106 supplies the
high-frequency current to the living tissue L -between the first
and second discrete electrodes 78 and 88 in a state offset
temporally from the time when the first high-frequency
energy output circuit 104 supplies the energy to the living
tissue L. between the first and second continuous electrodes
76 and 86 (1n a state where an output timing i1s offset) as
shown 1n the middle stage of FIG. 12A.

In consequence, the high-frequency current flows through
the living tissue L. grasped between the first and second
holding members 62 and 64, and heat 1s generated from the
living tissue L by the function of Joule heat to start the
cauterization of the tissue (the denaturalization of the tissue).
In this case, the living tissue L~ between the first and second
discrete electrodes 78 and 88 1s discretely denatured by the
clectrodes 78 and 88. At this time, the impedance Z of the
grasped living tissue L 15 measured by the second high-
frequency energy output circuit 106 via the first and second
discrete electrodes 78 and 88. Moreover, when the high-
frequency current tlows through the living tissue L. to cau-
terize the living tissue L, the value of the impedance Z rises.

Furthermore, after starting the output from the second
high-frequency energy output circuit 106, 1t 1s judged
whether or not the set time t1 has elapsed (STEP 107). When
the set time tl1 elapses, the output from the second high-
frequency energy output circuit 106 to the first and second
discrete electrodes 78 and 88 1s stopped (STEP 108).

Immediately after the stop, as shown 1n the lower stage of
FIG. 12A, the cooling output circuit 108a supplies a refrig-
erant through the cooling pipe 192 (STEP 109). In conse-
quence, the living tissue L ~1s cooled via the cooling plate 194
which comes in close contact with the outer peripheral sur-
face of the cooling pipe 192 having a high thermal conduc-
tivity. Theretfore, the influence of the heat spread from the
living tissue L as the treatment target between the first and
second discrete electrodes 78 and 88 1s suppressed 1n a por-
tion of the living tissue which comes 1n close contact with the
cooling plate 194. That 1s, the thermal spread from the living
tissue L. as the treatment target 1s suppressed by cooling the
living tissue L~ around the living tissue L as the treatment
target.

Subsequently, 1t 1s judged whether or not the set time 12 has
clapsed after starting the supply of the refrigerant through the
cooling pipe 192 (STEP 110). When the set time t2 elapses,

the supply of the refrigerant from the cooling output circuit
108a 1s stopped (STEP 111).

Immediately after the stop, the second high-frequency

energy output circuit 106 supplies the energy to the first and
second discrete electrodes 78 and 88 (STEP 112). Subse-

quently, 1t 1s judged whether or not the impedance Z between
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the first and second discrete electrodes 78 and 88 has reached
the threshold value 72 (STEP 113). When 1t 1s judged that the
impedance does not reach the threshold value, the processing
returns to STEP 106, and the energy 1s again output from the
second high-frequency energy output circuit 106 only for the
set time t2. That 1s, the living tissue 1s repeatedly cauterized
and cooled until the impedance Z reaches the threshold value
/2.

Moreover, when the impedance 7 reaches the threshold
value 72, the cooling output circuit 108a supplies the refrig-
erant through the cooling pipe 192 to cool the living tissue L
via the cooling plate 194 (STEP 114). It 1s judged whether or
not the refrigerant 1s supplied only for the set time t2 (STEP
115). After supplying the refrigerant only for the set time t2,
the supply of the refrigerant 1s stopped to stop the cooling of
the living tissue L. (STEP 116).

After the end of a series of treatments, a buzzer 1s sounded
via a speaker 112 to imnform the operator of the end of the
treatment (STEP 117).

As described above, an effect 1s obtained as follows
according to this embodiment.

In the treatment system 10 according to this embodiment,
the description of the same effect as that described in the
above embodiment 1s omaitted.

According to the treatment mstrument 12, immediately
alter applying the energy from the second high-frequency
energy output circuit 106 to the living tissue L - as the treat-
ment target held between the first and second discrete elec-
trodes 78 and 88 of the first and second holding members 62
and 64, the cooling plates 194 of the first and second holding
members 62 and 64 cooled, respectively, can be brought into
close contact with the living tissue L. In consequence, the
living tissue L, brought into close contact with the cooling
plate 194 can be cooled. Therefore, the influence of the ther-
mal spread caused from the living tissue L - as the treatment
target to the peripheral living tissue L~ can be suppressed 1n
the portion of the living tissue which comes 1n contact with
the cooling plate 194. In this case, the intluence of the heat
spread from the living tissue L - as the treatment target ener-
gized with high frequency during the treatment of the living
tissue L. can be prevented from being exerted to another
peripheral tissue.

Therefore, the first and second holding members 62 and 64
are provided with the cooling plates 194 which can cool the
surfaces of the members, whereby a range 1n which the ther-
mal spread occurs can securely be included inside the portion
of the living tissue which comes 1n contact with the first and
second holding members 62 and 64.

Moreover, even when the high-temperature fluid flows out-
wardly through the first and second holding members 62 and
64, the tluid comes 1n contact with the cooling plate 194 and
can accordingly be cooled. In consequence, the living tissue
L.-around the living tissue L -held by the holding section 26
can be prevented from being influenced.

Furthermore, the other peripheral tissue can be prevented
from being influenced by the fluid generated trom the portion
of the lving tissue L. energized with the high frequency
current during the treatment thereof. That 1s, a treatment
region can be limited to the mside of barrier portions 98a and
9856, and the portions of the living tissue L -around the barrier
portions 98a and 986 keep their normal state, which can
contribute to earlier curing.

In addition, the supply of the high-frequency current to the
living tissue L between the first and second discrete elec-
trodes 78 and 88 1s offset from the supply of the refrigerant
through the cooling pipe 192, whereby 1t 1s possible to sup-

press the rise of the impedance 7 raised by the supply of the
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high-frequency current to the living tissue L -between the first
and second discrete electrodes 78 and 88. In consequence, the
living tissue L, between the first and second discrete elec-
trodes 78 and 88 can more securely be subjected to a treat-
ment such as joining.

It 1s to be noted that 1n this modification, there has been
described an example 1n which the high-frequency current is
supplied between the first and second continuous electrodes
76 and 86 and between the first and second discrete electrodes
78 and 88 and the refrigerant 1s supplied to the cooling pipe
192 as shown in FIG. 12A. Additionally, 1t 1s preferable to
perform the energization with the high-frequency current and
the supply of the refrigerant to the cooling pipe 192 in a state
shown 1n FIG. 12B. That 1s, 1n a state ofifset from the output of
the first high-frequency energy output circuit 104 and the stop
of the output, the output from the second high-frequency
energy output circuit 106 and the stop of the output are pret-
erably performed simultaneously with the output from the
cooling output circuit 108a and the stop of the output.

Moreover, 1n this modification, the output times t1 and t2
are set, but the control 1s preferably performed by use of a
temperature T as described 1n the first embodiment. In this
case, a threshold value T1 of the temperature T 1s set instead
of the output times t1 and t2. Alternatively, the earliest
reached threshold value may preferably be selected from the
threshold values of the output times t1 and t2 and temperature
T to pertform the control.

Next, a modification of the third modification will be
described with reference to FIG. 9C.

As shown 1n FIG. 9C, the cooling pipe 192 1s removed.
Instead, groove-like ducts 192aq and 1926 are integrally
formed 1n a main body 72 and a base portion 74.

A cooling plate 194 1s disposed on aholding face 7256 of the
main body 72. The cooling plate 194 seals the ducts 192a and
192b6. In consequence, when a fluid 1s passed through the
ducts 192a and 1925, the heat of the fluid 1s conducted to the
cooling plate 194.

Next, a further modification of the third modification will
be described with reference to FIG. 9D.

As shown 1 FIG. 9D, the cooling pipe 192 1s removed.
Instead, first and second groove-like ducts 192a and 1925 are
integrally formed 1n a main body 72 and a base portion 74. A
pair of first or second ducts 1924 or 192) are formed sym-
metrically with respect to the central axis of a cutter guide
groove 62q of a first holding member 62. Among the pairs of
first and second ducts 192a and 1925, a refrigerant such as
cooling water flows 1nto one pair, and the refrigerant flows out
through the other patr.

It 1s to be noted that a communication path 170 which
connects a first fluid discharge groove 152 to the cutter guide
groove 62a 1s formed under the second duct 192b.

A holding face 725 of the main body 72 1s provided with a
thin and soft sheet-like member (a member for heat radiation)
194a. The sheet-like member 194a 1s made of, for example, a
s1licone material. The sheet-like member 1944 seals the ducts
192a and 1925. In consequence, when a fluid 1s passed
through the ducts 192q and 19256, the heat of the fluid 1s
conducted to a living tissue L -through the sheet-like member
194a.

[Fourth Modification of First Embodiment]

Next, a fourth modification of the first embodiment will be
described with reference to FIGS. 13A to 16. This modifica-
tion 1s a further modification of the third modification.

As shown 1n FIGS. 13B and 13C, a cooling pipe 192 1s
fixed to the edges of a main body 72 and a base portion 74 of
a first holding member 62. Moreover, a holding face 7256 of
the main body 72 of the first holding member 62 1s provided
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with a cooling plate 194. The cooling plate 194 1s fixed to the
main body 72 1n a state where the cooling plate comes 1n close
contact with the cooling pipe 192.

As shown1in FIG. 13A, the main body 72 of the first holding
member 62 1s provided with a first electrode 202 instead of a
first continuous electrode 76 and first discrete electrodes 78.
That 1s, the first electrode 202 includes a first continuous
clectrode 206 corresponding to the first continuous electrode
76 and first branched electrodes 208 corresponding to the first
discrete electrodes 78.

Although not shown, a main body 82 of a second holding
member 64 1s similarly provided with a second electrode
(conveniently denoted with reference numeral 212) instead of
a second continuous electrode 86 and second discrete elec-
trodes 88. That 1s, the second electrode 212 includes a second
continuous electrode (conveniently denoted with reference
numeral 216) corresponding to the second continuous elec-
trode 86 and second branched electrodes (conveniently
denoted with reference numeral 218) corresponding to the
second discrete electrodes 88.

It 1s to be noted that as shown 1n FI1G. 14, an energy source
14 1s provided with a high-frequency energy output circuit
105 instead of first and second high-frequency energy output
circuits 104 and 106.

As shown in FIG. 13A, the first continuous electrode 206 1s
continuously formed into a substantially U-shape. Outside
the first continuous electrode 206, a plurality of first branched
clectrodes (a maintaining member, a second joining member)
208 branched from the first continuous electrode 206 are
integrally formed. The first branched electrodes 208 extend 1n
an orthogonal direction to the axial direction of the first con-
tinuous electrode 206.

The first branched electrodes 208 are formed with a sub-
stantially equal length and a substantially equal width. That
1s, the first branched electrodes 208 extend as much as a
substantially equal area from the first continuous electrode
206, respectively. Each space between the first branched elec-
trodes 208 1s a substantially equal space.

It 1s to be noted that the first branched electrodes 208
denature a living tissue L. which comes in contact with the
first branched electrodes 208, but the electrodes emit output
to such an extent that the denaturation of the living tissue L.
between the adjacent first branched electrodes 208 1s pre-
vented. Such output depends on the energy mnput from the
high-frequency energy output circuit 105 to the first branched
clectrodes 208 and additionally on the space between the first
branched electrodes 208, the width of the first branched elec-
trode 208 1itself and the like.

It 1s to be noted that the length and width (thickness) of
cach of the first branched electrodes 208, the space between
the first branched electrodes 208 and the number of the
branched electrodes are appropriately set. In FIG. 13A, 1t 1s
depicted that the thickness of the first continuous electrode
206 1s larger than that of the first branched electrode 208, but
the thickness may be equal, or the thickness of the first
branched electrode 208 may be larger.

Next, an operation of a treatment system 10 according to
this modification will be described.

FIG. 15 shows one example of a control flow of a surgical
treatment nstrument 12 by the first high-frequency energy
output circuit 105 and a cooling output circuit 108a.

An operator beforehand operates a display section 110 of
the energy source 14 to beforechand set the output conditions
of the treatment system 10 (STEP 201). Specifically, the
operator beforehand sets the output (a set power Plset|W])
from the high-frequency energy output circuit 105, a thresh-
old value Z11 of an impedance 7 of a living tissue L, a time
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ol one output from the cooling output circuit 108a (a set time
t12), a time difference t11 between the output start time of the
high-frequency energy output circuit 105 and the output start
time of the cooling output circuit 108a, a time difference 113
between the output stop time of the cooling output circuit
108a and the output stop time of the high-frequency energy
output circuit 105, a time difference t14 between the output
start time of the high-frequency energy output circuit 105 and
the output stop time of the high-frequency energy output
circuit 1035 and the like.

The living tissue L. as a treatment target i1s grasped
between the first and second holding members 62 and 64. At
this time, the living tissue L-as the treatment target comes in
contact with both the first electrode 202 of the first holding
member 62 and the second electrode 212 of the second hold-
ing member 64. That 1s, the living tissue L. as the treatment
target comes 1n contact with portions between the first con-
tinuous and branched electrodes 206 and 208 of the first
clectrode 202 and the second continuous and branched elec-
trodes 216 and 218 of the second electrode 212. Moreover, a
peripheral tissue of the living tissue L - as the treatment target
comes 1n close contact with both facing contact faces at the
edge of the holding face 7256 of the first holding member 62
and the edge (not shown) of a holding face 826 of the second
holding member 64. In consequence, the living tissue L
comes 1n close contact with the cooling plate 194.

Inthis way, apedal 16a of a foot switch 16 1s operated in the
state where the living tissue L. 1s grasped between the first
and second holding members 62 and 64. A control section 102
of the energy source 14 judges whether or not the pedal 16a of
the switch 16 has been pressed to switch on by the operation
of the operator (STEP 202).

When 1t 1s judged that the pedal 16a of the switch 16 has
been pressed to switch on, the supply of a monitor current
from the high-frequency energy output circuit 105 1s switched
on (STEP 203), and high-frequency energy 1s supplied from
the high-frequency energy output circuit 105 of the energy
source 14 to the living tissue L - between the first and second
clectrodes 202 and 212 (STEP 204).

Consequently, the high-frequency energy output circuit
105 supplies a high-frequency current to the living tissue L.
as the treatment target between the first and second electrodes
202 and 212 of the first and second holding members 62 and
64 as shown in the upper stage of FIG. 16. In consequence, the
living tissue L. 1s continuously denatured (substantially
U-shaped) by the first and second electrodes 202 and 212, and
1s denatured 1n a branched state at each predetermined 1nter-
val.

Afterward, when the set time t11 elapses (STEP 205), as
shown 1n the lower stage of F1G. 16, the coohng output circuit
108a supplies a refrigerant to the cooling pipe 192 (STEP
206). Subsequently, when the set time t12 elapses (STEP
207), the supply of the refrigerant 1s stopped (STEP 208). It 1s
to be noted that during these operations, the high-frequency
current continues to be supplied to the living tissue L.
between the first and second electrodes 202 and 212.

Subsequently, when the set time t13 elapses from the stop
of the supply of the refrigerant (STEP 209), the monitor
current maintains 1ts on-state to stop the supply of the high-
frequency current (STEP 210), and the value of the imped-
ance Z of the living tissue L. between the first and second

clectrodes 202 and 212 1s determined (STEP 211). When the

impedance Z does notreach the set value (the threshold value)
Z11 and the set time t14 elapses (STEP 212), the processing
again returns to STEP 204, thereby repeating the energization
with the high-frequency current and the supply of the refrig-

erant.
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On the other hand, when the impedance Z reaches the set
value 711, the monitor current from the high-frequency
energy output circuit 105 1s turned off (STEP 213), and a
buzzer 1s sounded via a speaker 112 (STEP 214) to end the
treatment.

It 1s to be noted that 1n this modification, the use of the first
clectrode 202 having a shape shown 1in FIG. 13A has been
described, but an electrode having a shape shown 1n FI1G. 17A
or 17B 1s preferably used.

A modification of the first branched electrode 208 of the
first electrode 202 will be described with reference to FIG.
17A.

As shown 1n FIG. 17A, first branched electrodes (a main-
taining member, a second joining member) 228 on the most
distal end (a side away from a base portion 74) of a main body
72 of a first holding member 62 are deformed with respect to
branched electrodes 208 on the most distal end of the main
body 72 of the first holding member 62 shown 1n FIG. 13A.
That 1s, the branched electrodes 228 shown 1n FIG. 17A are
formed to be long as compared with the branched electrodes
208 on the most distal end of the main body 72 of the first
holding member 62 shown 1n FIG. 13A.

Moreover, the branched electrodes 208 on the most distal
end shown i FIG. 13A extend only 1mn one direction
(straight). On the other hand, the extending angle of each of
the branched electrodes 228 shown 1n FIG. 17A varies at the
midpoint (the electrode 1s bent at the midpoint). This 1s
because a joining force to join intestinal canals I ., and I -, to
cach other 1s increased to prevent the release of the anasto-
mosed canals, 1n a case where when the intestinal canals I -,
and I, are anastomosed as shown 1n, for example, FI1G. 7C,
and a force F, 1s exerted so as to release the anastomosed
intestinal canals I -, and 1 -, from the tip of a portion denatured
by a continuous electrode 206, 1.e., a portion B, where the
intestinal canals I -, and I ., are branched.

The branched electrodes 228 shown 1 FIG. 17A extend 1n
at least two directions, respectively. Each of the branched
clectrodes 228 includes a first portion 228a formed 1integrally
with the continuous electrode 206 and extended in an
orthogonal direction to a substantially U-shaped virtual track
of the continuous electrode 206, and a second portion 2285
formed integrally with the first portion 228a and extended
turther from the first portion 228a. The second portion 2285
ol these portions extends in parallel with the branched elec-
trodes 208. Moreover, 1n such a constitution, the branched
clectrode 228 has the first portion 2284 and the second portion
228b, whereby a joining area corresponding to the force F,
generated in the branched portion B, can be increased. That is,
owing to the first portion 228a and the second portion 2285,
the intestinal canals 1, and I, joined to each other do not
casily peel.

Therefore, a resistance to the force F, applied to the intes-
tinal canals I, and I, can be increased to obtain a state
where the anastomosed intestinal canals I ., and I ., are not
casily released.

Next, a further modification of the branched electrodes 208
will be described with reference to FIG. 17B.

As shown 1n FIG. 17B, branched electrodes (a maintaining
member, a second joimng member) 238 of a first holding
member 62 are deformed with respect to the branched elec-
trodes 208 of the first holding member 62 shown 1n FI1G. 13A.
The branched electrodes 238 are arranged 1n an oblique direc-
tion, mstead of an orthogonal direction to the axial direction
ol a continuous electrode 206 (a substantially U-shaped vir-
tual track) of the continuous electrode 206. In this modifica-
tion, the branched electrodes 238 extend toward, for example,
a proximal end.




US 9,033,983 B2

31

Therelore, as shown 1n FIG. 7D, 1n intestinal canals I ~, and
I, there are portions joined by the continuous electrode 206
and portions joined by the branched electrodes 238 with an
appropriate angle 1n the longitudinal direction of the portions
joined by the continuous electrode 206. The branched elec-
trodes 238 are formed to be long as compared with the
branched electrodes 208 shown in FIG. 13A. Moreover, the
portions joined by the branched electrodes 238 are disposed
obliquely with respect to the direction of a force I, applied to
the intestinal canals I -, and I ~,. Therefore, with regard to the
branched electrodes 238, a joining area corresponding to the
torce F, having such a direction as to release the anastomosed
canals increases, so that 1t 1s possible to obtain a state where
the anastomosed intestinal canals I, and I, are not easily
released. Therefore, the branched electrodes 238 having an
appropriate angle with respect to the longitudinal direction of
the portion connected to the continuous electrode 206 can
have an increased joining force to join the intestinal canals I ~,
and I, to each other.

It 1s to be noted that as shown in FIG. 17B, branched
clectrodes (a maintaining member, a second joining member)
248 on the most distal end of the first holding member 62 are
deformed with respect to the branched electrodes 208 and 228
on the most distal end of the first holding member 62 shown
in FIGS. 13A and 17A. That 1s, the branched electrodes 248
ol this modification are formed to be long as compared with
the branched electrodes 208 and 228 on the most distal end of
the first holding member 62 shown 1n FIGS. 13A and 17A.

Furthermore, the branched electrodes 248 shown 1n FIG.
178 are circularly extended. Therefore, the branched elec-
trodes 248 are extended 1n a direction different from that of
the branched electrodes 238. In such branched electrodes 248
provided on the distal end of the first holding member 62, a
resistance 1s increased against a force F, generated 1n a por-
tion B, shown in FIG. 17B, 1n a case where the intestinal
canals I~, and I, are anastomosed, whereby the intestinal
canals I ~, and I, do not easily peel from each other.

This 1s because the joining force to join the intestinal canals
I~, and I -, to each other 1s increased to prevent the release of
the anastomosed canals, 1n a case where, for example, when
the itestinal canals I ~, and I -, are anastomosed, the force F,
1s exerted so as to release the anastomosed intestinal canals
I~, and I ~, from the distal end of a portion denatured by the
continuous electrode 206, 1.e., the portion B, where the intes-
tinal canals I, and I -, are branched from each other.

It 1s to be noted that in this modification, the branched
clectrodes 228 each having the first portion 228a and the
second portion 22856 and the branched electrodes 248 have
been described as the branched electrodes disposed on the
most distal end of a main body 72 of the first holding member
62 1n a case where the area of the joining portion correspond-
ing to the force F, 1s increased. However, the shapes of the
branched electrodes disposed on the most distal end of the
main body 72 of the first holding member 62 are not limited
to the branched electrodes 228 and 248, as long as the area of
the joining portion corresponding to the force F, increases.

Moreover, 1n the first embodiment and the modifications
thereot, the linear type energy treatment mstrument 12 (see
FIG. 1A) for treating the living tissue L 1n the abdominal
cavity (in the body) through the abdominal wall has been
described as the example, but as shown 1n, for example, FIG.
18, there may be used an opening linear type energy treatment
instrument (a treatment instrument) 12q for taking a treat-
ment target tissue from the body through the abdominal wall
to treat the tissue.

The energy treatment mstrument 12a 1includes a handle 22
and a holding section 26. That 1s, unlike the energy treatment
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instrument 12 (see FI1G. 1A) for treating the tissue through the
abdominal wall, a shatt 24 1s omitted. On the other hand, a
member having a function similar to that of the shaft 24 1s
disposed 1n the handle 22. In consequence, the energy treat-
ment mstrument 12a shown in FIG. 18 can be used 1n the
same manner as in the energy treatment instrument 12
described above with reference to FIG. 1A.

[Second Embodiment]

Next, a second embodiment will be described with refer-
ence to FIGS. 19 to 21. This embodiment 1s a modification of
the first embodiment including various modifications.

Here, as one example of an energy treatment instrument, a
circular type bipolar energy treatment instrument (a treatment
instrument) 312 for performing a treatment, e.g., through or
outside an abdominal wall will be described.

As shown 1n FIG. 19, a treatment system 310 includes the
energy treatment mstrument 312, an energy source 14 and a
foot switch 16. The surgical treatment nstrument 312
includes a handle 322, a shait 324 and an openable/closable
holding section 326. The handle 322 1s connected to the
energy source 14 via a cable 28.

The handle 322 1s provided with a holding section opening/
closing knob 332 and a cutter driving lever 334. The holding
section opening/closing knob 332 is rotatable with respect to
the handle 322. When the holding section opening/closing
knob 332 1s rotated, for example, clockwise with respect to
the handle 322, a detachable side holding section (a detach-
able side grasping section) 344 of the holding section 326
described later comes away from a main body side holding
section (a main body side grasping section) 342. When the
knob 1s rotated counterclockwise, the detachable side holding
section 344 comes close to the main body side holding section
342.

The shatt 324 1s formed 1nto a cylindrical shape. The shaft
324 1s appropriately curved 1n consideration of insertion
properties upon msertion into a living tissue L. Needless to
say, 1t 1s also preferable that the shaft 324 1s formed to be
straight.

The distal end of the shatit 324 1s provided with the holding
section 326. As shown m FIGS. 20A and 20B, the holding
section 326 includes the main body side holding section (a
first holding member, a first jaw) 342 formed on the distal end
of the shaft 324, and the detachable side holding section (a
second holding member, a second jaw) 344 detachably
attached to the main body side holding section 342. In a state
where the detachable side holding section 344 closes with
respect to the main body side holding section 342, holding
faces 384, 388, 434 and 438 of the main body side holding
section 342 and the detachable side holding section 344
described later come 1n contact with one another.

Outside the shait 324 and the main body side holding
section 342, a first conduit 346 1s formed. The first conduit
346 1s disposed around the outer peripheral surface of the
edge of the distal end of the main body side holding section
342, and 1s extended from the main body side holding section
342 to the proximal end side of the shait 324.

The detachable side holding section 344 1s provided with a
second conduit 348. The second conduit 348 1s disposed
around the edge of a head section 404 of the detachable side
holding section 344, and 1s connected from the energization
shaft 324 o the detachable side holding section 344 described
later to a first energizing pipe 356 and a fluid supplying pipe
360 in the main body side holding section 342 and the shaft
324 described later.

The main body side holding section 342 includes a cylin-
drical member 352, a frame 354, the first energizing pipe 356
having a fluid collecting function, a second energizing pipe
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358 and the fluid supplying pipe 360. The first energizing pipe
356 1s connected to a first high-frequency energy output cir-
cuit 104 of the energy source 14 via the main body side
holding section 342, the shaft 324, the handle 322 and the
cable 28. The second energizing pipe 358 1s connected to a
second high-frequency energy output circuit 106 of the
energy source 14 via the main body side holding section 342,
the shaft 324, the handle 322 and the cable 28 1n the same
manner as in the first energizing pipe 3356.

The fluid supplying pipe 360 1s preferably made of a resin
material such as a silicone material having insulation proper-
ties. The fluid supplying pipe 360 1s used to supply a refrig-
erant to the second conduit (a detachable side cooling pipe)
348 of the detachable side holding section 344. The first
energizing pipe 356 1s used to collect the refrigerant supplied
from the flmd supplying pipe 360 to the second conduit 348.

The cylindrical member 352 and the frame 354 have 1nsu-
lation properties. The cylindrical member 352 1s connected to
the distal end of the shaft 324. The frame 354 1s disposed to be
fixed to the cylindrical member 352.

The central axis of the frame 354 i1s opened. The opened
central axis of the frame 354 1s provided with the first ener-
g1zing pipe 356 so that the pipe 356 1s movable in a predeter-
mined range along the central axis of the frame 354. When the
holding section opening/closing knob 332 is rotated, the first
energizing pipe 356 1s movable in the predetermined range
owing to, for example, the function of a ball screw (not
shown). In the first energizing pipe 356, a plurality of (e.g.,
two as shown m FIG. 20C or three (not shown)) divided and
enlarged diameter portions 356q are formed to receive a distal
end 402a of an energizing shaft 402 of the detachable side
holding section 344 described later as shown 1n FIGS. 20A to
20C. The enlarged diameter portions 356a impart spring
properties to the distal end of the first energizing pipe 356 and
flexibly hold the distal end 402a while keeping a state where
the distal end 402a of the energizing shaft 402 comes in
contact with the distal end of the pipe 356.

The second energizing pipe 358 1s disposed along the cen-
tral axis of the first energizing pipe 356. When the holding
section opening/closing knob 332 1s rotated, the second ener-
g1zing pipe 338 1s movable together with the first energizing
pipe 356 1n a predetermined range by the function of, for
example, a ball screw (not shown). The 1nner peripheral sur-
face of the distal side of the second energizing pipe 358 is
provided with a protrusion 3358a protruding inwardly 1n a
diametric direction so that the protrusion can disengageably
be engaged with a connecting portion 4025 of the energizing,
shait 402.

It 1s to be noted that the first and second energizing pipes
356 and 358 are arranged so that the pipes 356 and 358 do not
come 1n contact with each other, but the outer peripheral
surface of the first energizing pipe 336 1s covered with a
material having insulation properties (not shown). In conse-
quence, even when the first energizing pipe 356 comes 1n
contact with the second energizing pipe 358, the pipes are
prevented from being mfluenced by each other.

As shown 1n FIGS. 20A and 20B, a cutter guide groove (a
first fluid passage) 362 1s formed between the cylindrical
member 352 and the frame 354. A cylindrical cutter 364 1s
disposed 1n the cutter guide groove 362. The proximal end of
the cutter 364 1s connected to the outer peripheral surface of
the distal end of a pusher for the cutter (not shown) disposed
on the proximal end side of the frame 354. The proximal end
of this pusher for the cutter 1s connected to the cutter driving
lever 334 of the handle 322. Therefore, when the cutter driv-
ing lever 334 of the handle 322 is operated, the cutter 364
moves via the pusher for the cutter.
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A first fluid passage (a fluid passage) (not shown) con-
nected to the cutter guide groove 362 1s formed between this
pusher for the cutter and the frame 354. Moreover, the shaft
324 or the handle 322 1s provided with a fluid discharge port
(not shown) through which the fluid passed through the cutter
guide groove 362 1s discharged to the outside.

As shown in FIGS. 20A to 20C, the distal end of the
cylindrical member 352 is provided with a first continuous
clectrode (a seal member, a first joiming member) 372 and a
plurality of first discrete electrodes (a maintaining member, a
second joining member) 374 as an output member or an
energy release section. The first continuous electrode 372 1s
formed into a continuous annular shape without any cut. The
first discrete electrodes 374 are discretely arranged at prede-
termined 1ntervals outside the first continuous electrode 372.

The first continuous electrode 372 1s fixed to the distal end
of a first energization line 372a. The first energization line
372a 1s connected to the cable 28 via the main body side
holding section 342, the shait 324 and the handle 322. The
first discrete electrodes 374 are electrically connected to each
other, and the one first discrete electrode 374 1s fixed to the
distal end of a second energization line 374a. The second
energization line 374a 1s connected to the cable 28 via the
main body side holding section 342, the shaft 324 and the
handle 322.

The first continuous electrode 372 1s interposed between
the edge of the cutter guide groove 362 provided with the
cutter 364 and the edge of the cylindrical member 352. The
first continuous electrode 372 1s disposed on a side close to
the outer edge of the cutter guide groove 362.

The first discrete electrodes 374 having the same shape are
arranged at substantially equal intervals along a substantially
annular virtual track. Each of the first discrete electrodes 374
1s formed 1nto, for example, a circular shape. The first discrete
clectrodes 374 are arranged with a substantially predeter-
mined interval therebetween, and each of the first discrete
clectrodes 374 1s positioned as much as an appropriate dis-
tance away from the first continuous electrode 372. The first
discrete electrodes 374 are positioned so that a living tissue
L. between the adjacent first discrete electrodes 374 1s pre-
vented from being denatured by heat during a treatment as
much as possible and so that the living tissue L - between the
first discrete electrode 374 and the first continuous electrode
3772 1s prevented from being denatured by the heat as much as
possible.

An annular vapor discharge groove 382 1s formed outside
the first continuous electrode 372. That 1s, the vapor discharge
groove 382 1s formed between the first continuous electrode
372 and the first discrete electrode 374. The fluid discharge
groove 382 1s connected to the cutter guide groove 362 1n
which the cutter 364 1s disposed. Outside the fluid discharge
groove 382, the holding face (a tissue contact face) 384 is
formed at a position higher than the surface of the first con-
tinuous electrode 372. That 1s, the holding face 384 of the
main body side holding section 342 1s disposed closer to the
head section 404 of the detachable side holding section 344,
described later, than the surface of the first continuous elec-
trode 372 1s. Therefore, the holding face 384 functions as a
barrier portion (a dam) which prevents a flmid such as vapor
from escaping to the outside from the fluid discharge groove
382.

An annular vapor discharge groove 386 1s formed outside
the first discrete electrodes 374. The flmd discharge groove
386 1s connected to the flmd discharge groove 382 and the
cutter guide groove 362 arranged outside the first continuous
clectrode 372. Outside the flmd discharge groove 386, the
holding face (a tissue contact face) 388 1s formed at a position
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higher than the surfaces of the first discrete electrodes 374. In
consequence, the holding face 388 functions as a barrier
portion (a dam) which prevents a fluid such as the vapor from
escaping to the outside from the fluid discharge groove 386.

As shown in FIGS. 20A to 21, the first conduit 346 includes
a main body side cooling pipe 392 fixed to the outermost
periphery of the cylindrical member 352 of the main body
side holding section 342. The cooling pipe 392 1s disposed on
the outer peripheral surfaces of the main body side holding
section 342 and the shait 324, and is extended to the proximal
end side of the shaft 324. The cooling pipe 392 1s made of, for
example, copper or the like having a satisfactory thermal
conductivity. Through the cooling pipe 392, arefrigerant such
as cooling water (a liquid) or cooling air (a gas) 1s circulated
and discharged. It 1s to be noted that the cooling pipe 392
supplies the fluid on a side denoted with symbol 3924 shown
in FIG. 21, and collects the fluid on a side denoted with
symbol 3925.

The holding face 388 of the main body side holding section
342 1s provided with a main body side cooling plate 394 such
as a copper plate having a satisfactory thermal conductivity.
The cooling plate 394 1s fixed to the distal end of the cylin-
drical member 352 in a state where the plate comes 1n close
contact with the cooling pipe 392. In consequence, when a
refrigerant 1s passed through the cooling pipe 392, the heat of
the refrigerant 1s conducted from the cooling pipe 392 to the
cooling plate 394. That 1s, the cooling plate 394 is cooled.

Moreover, in the energy source 14 of this modification, a
cooling output circuit 108a 1s connected to a control section
102 instead of the temperature measurement circuit 108
described 1n the first embodiment. The cooling output circuit
108a can supply the refrigerant through the cooling pipe 392
of the surgical treatment mstrument 312 1n accordance with
an 1nstruction from the control section 102.

On the other hand, the detachable side holding section 344
includes the energizing shatt 402 and the head section 404
having insulation properties. The energizing shaft 402 has a
circular cross section, and has one end tapered and the other
end fixed to the head section 404. The energizing shaft 402
has a three-layer structure in which three cylindrical members
412, 414 and 416 schematically come 1n close contact with
one another. The inside (the inner layer) 412 of the energizing
shaft 402 1s a cylindrical member having a conductivity, the
intermediate layer 414 1s a cylindrical member having insu-
lation properties, and the outside (the outer layer) 416 1s a
cylindrical member having a conductivity.

Moreover, the distal end of the mnner layer 412 (the distal
end 402a of the energizing shait 402 ) 1s electrically connected
to the enlarged diameter portions 3564 of the first energizing,
pipe 356. The outer peripheral surface of the distal end side of
the outer layer 416 1s provided with the connecting portion (a
recess groove portion) 4025 which engages with the protru-
s10n 3538a of the second energizing pipe 358. It 1s to be noted
that 1n the outer peripheral surface of the outer layer 416, a
portion other than the connecting portion 4025 1s preferably
covered with a material having insulation properties by coat-
ing or the like.

The head section 404 1s provided with a second continuous
clectrode (a seal member, a first joining member) 422 and
second discrete electrodes (a maintaining member, a second
joimng member) 424 so that the electrodes face the first
continuous electrode 372 and the first discrete electrodes 374
of the main body side holding section 342. The second con-
tinuous electrode 422 1s fixed to one end of a third energiza-
tion line 422a. The other end of the third energization line
422a 1s electrically connected to the mner layer 412 through
the outer layer 416 and the intermediate layer 414 of the
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energizing shaft 402. The second discrete electrodes 424 are
fixed to one end of a fourth energization line 424a. The other
end of the fourth energization line 424a 1s electrically con-
nected to the outer layer 416 of the energizing shaft 402.

Inside the first continuous electrode 372 disposed on the
head section 404, an annular cutter recerving portion 426 1s
formed to recerve the blade of the cutter 364. On the other
hand, an annular fluid discharge groove 432 1s formed outside
the second continuous electrode 422. Outside the fluid dis-
charge groove 432, the holding face (a tissue contact face)
434 1s formed at a position higher than the surface of the
second continuous electrode 422. That 1s, the holding face
434 of the detachable side holding section 344 is disposed
closer to the main body side holding section 342 than the
surface of the second continuous electrode 422. Therefore,
the holding face 434 functions as a barrier portion (a dam)
which prevents a fluid such as the vapor from escaping to the
outside from the vapor discharge groove 432.

Outside the second discrete electrodes 424, an annular
vapor discharge groove 436 1s formed. The fluid discharge
groove 436 1s connected to the fluid discharge groove 432
disposed outside the second continuous electrode 422. Out-
side the fluid discharge groove 436, the holding face (a tissue
contact face) 438 1s formed at a position higher than the
surfaces of the second discrete electrodes 424. In conse-
quence, the holding face 438 functions as a barrier portion (a
dam) which prevents a fluid such as the vapor from escaping
to the outside from the fluid discharge groove 436.

Furthermore, the tluid discharge groove 432 1s connected
to a fluid discharge path 432q inside the head section 404 and
the 1nner layer 412 of the energizing shait 402. The fluid
discharge path 432a 1s positioned away from the central axis
of the energizing shaft 402, and 1is interposed between the
outer peripheral surface of the first energlzmg plpe 356 and
the inner peripheral surface of the second energizing pipe 358
through a space between the two enlarged diameter portions
3564 of the first energizing pipe 356 of the main body side
holding section 342 (see FIG. 20C). The shaft 324 or the
handle 322 1s provided with a fluid discharge port (not shown)
through which the fluid passed between the outer peripheral
surface of the first energizing pipe 356 and the inner periph-
eral surface of the second energizing pipe 338 1s discharged to
the outside.

As shown 1in FIGS. 20A to 21, the second conduit 348
extends from the lower end of the energizing shatt 402 to the
vertex of the head section 404, extends from the vertex to the
outer edge of the head section 404, extends around the outer
edge of the head section, 1s again passed through the energiz-
ing shait 402 and 1s inserted into the lower end of the ener-
gizing shaft 402. Two ends of the second conduit 348 are
present 1n the distal end 402a of the energizing shaft 402. It 1s
to be noted that 1n FIG. 21, the second conduit 348 supplies
the fluid on a side denoted with symbol 348a, and collects the
fluid on a side denoted with symbol 3485. The second conduit
348 extends from the distal end 402a of the energizing shaft
402 to the vertex of the head section 404, extends from the
vertex to the outer edge of the head section 404, extends
around the outer edge of the head section, 1s again passed
through the energizing shaft 402 and 1s inserted into the distal
end 402a of the energizing shaft 402.

Moreover, the end of the second conduit 348 for supplying
the fluid 1s connected to the fluid supplying pipe 360, and the
end of the second conduit 348 for collecting the fluid 1s
connected to the first energizing pipe (the tluid collecting
pipe) 356. In consequence, when cooling water or the like 1s
supplied through the fluid supplying pipe 360 1n a state where
the fluid supplying pipe 360 i1s connected to the first energiz-
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ing pipe (the fluid collecting pipe) 356 via the second conduit
348, the fluid 1s collected via the first energizing pipe (the
fluid collecting pipe) 356 through the second conduit 348.
That 1s, a fluid such as the cooling water can be circulated
through the second conduit 348.

On the holding faces 434 and 438 of the detachable side
holding section 344, a detachable side cooling plate 444 such
as a copper plate having a satistactory thermal conductivity 1s
disposed. The cooling plate 444 brought into close contact
with the second conduit (the cooling pipe) 348 1s fixed to the
head section 404. In consequence, when the refrigerant 1s
passed through the second conduit 348, the heat of the refrig-
erant 1s conducted from the second conduit 348 to the cooling
plate 444. That 1s, the cooling plate 444 1s cooled.

Next, the operation of the treatment system 310 according
to this embodiment will be described with reference to the
flow chart shown 1n FIG. 11.

An operator beforechand operates a display section 110 of
the energy source 14 shown 1n FIG. 10 to beforehand set the
output conditions of the treatment system 310 (STEP 101).
Specifically, the operator beforehand sets the outputs (set
powers Plset [W] and P2set [W]) from the first and second
high-frequency energy output circuits 104 and 106, threshold
values 71 and Z2 of an impedance Z of a living tissue L, a
time of one output from the second high-frequency energy
output circuit 106 (set time t1, t2) and the like.

The holding section 326 and the shait 324 of the surgical
treatment mstrument 312 are inserted into an abdominal cav-
ity through, for example, an abdominal wall 1n a state where
the main body side holding section 342 1s closed with respect
to the detachable side holding section 344. The main body
side holding section 342 and the detachable side holding
section 344 of the surgical treatment mstrument 312 are
opposed to the living tissue L to be treated.

To grasp the living tissue L -to be treated between the main
body side holding section 342 and the detachable side holding,
section 344, the holding section opening/closing knob 332 of
the handle 322 1s operated. At this time, the knob 332 1s
rotated, for example, clockwise with respect to the handle
322. The energizing pipe 356 1s moved to the distal end with
respect to the frame 354 of the shait 324. In consequence, the
main body side holding section 342 and the detachable side
holding section 344 open, whereby the detachable side hold-
ing section 344 can be detached from the main body side
holding section 342.

Then, the living tissue L, to be treated i1s interposed
between the first continuous electrode 372 and first discrete
clectrodes 374 of the main body side holding section 342 and
the second continuous electrode 422 and second discrete
clectrodes 424 of the detachable side holding section 344. In
this state, the grasping section opening/closing knob 332 of
the handle 322 1s rotated, for example, counterclockwise. In
consequence, the detachable side holding section 344 closes
with respect to the main body side holding section 342. Thus,
the living tissue L - as the treatment target 1s held between the
main body side holding section 342 and the detachable side
holding section 344.

In this state, a pedal 16a of the foot switch 16 1s operated.
The control section 102 of the energy source 14 judges
whether or notthe pedal 16a of the switch 16 has been pressed
to switch on by the operation of the operator (STEP 102).

When 1t 1s judged that the pedal 16a of the switch 16 has
been pressed to switch on, high-frequency energy 1s supplied
from the first high-frequency energy output circuit 104 of the
energy source 14 to the living tissue (the living tissue of a first
region) L -between the first continuous electrode 372 and the
second continuous electrode 422 (STEP 103).
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Consequently, the first high-frequency energy output cir-
cuit 104 supplies a high-frequency current to the living tissue
L. as the treatment target between the first continuous elec-
trode 372 of the main body side holding section 342 and the
second continuous electrode 422 of the detachable side hold-
ing section 344 to generate Joule heat 1n the living tissue L -
grasped between the electrodes 372 and 422, thereby heating
the living tissue L - 1tselt. Consequently, the living tissue L -1s
annularly continuously denatured by the first and second
continuous electrodes 372 and 422.

At this time, the impedance Z of the grasped living tissue
L. 1s measured by the first continuous electrode 372, the
second continuous electrode 422 and the first high-frequency
energy output circuit 104. An impedance Z0 at the start of
treatment 1s, for example, about 60 [£2] as shown 1n FIG. 6B.
Subsequently, when the high-frequency current ftlows
through the living tissue L~ and the living tissue L. 1s cauter-
1zed, the value of the impedance Z rises.

Thus, when the living tissue L - 1s cauterized, the fluid (a
liquid (blood) and/or a gas (water vapor)) 1s discharged from
the living tissue L. At this time, the holding face 384 of the
main body side holding section 342 and the holding face 434
of the detachable side holding section 344 come 1n closer
contact with the living tissue L than the first continuous
clectrode 372 and the second continuous electrode 422. In
consequence, the holding faces 384 and 434 function as bar-
rier portions (dams) which prevent the fluid from escaping to
the outside of the main body side holding section 342 and the
detachable side holding section 344.

Therefore, the fluid discharged from the living tissue L~ 1s
caused to tlow from the vapor discharge groove 382 outside
the first continuous electrode 372 to the cutter guide groove
362 inside the first continuous electrode 372 or to directly
flow 1nto the cutter guide groove 362, and the fluid 1s, for
example, sucked to flow from the main body side holding
section 342 to the shaft 324. While the fluid 1s discharged
from the living tissue L., the fluid continues to flow 1nto the
cutter guide groove 362. In consequence, thermal spread 1s
prevented from being caused by the fluid discharged from the
living tissue L~ 1n a state where the temperature 1s raised, so
that a portion which 1s not the treatment target can be pre-
vented from being influenced.

Moreover, the fluid discharged from the living tissue L-1s
caused to flow into the fluid discharge groove 432 outside the

second continuous electrode 422, and 1s, for example, sucked
to flow from the inside of the first energizing pipe 356 to the
shaft 24 through the fluid discharge path 4324 formed in the
head section 404 and the energizing shaft 402. While the fluid
1s discharged from the living tissue L, the fluid continues to
flow 1nto the flmd discharge path 432a. In consequence, the
thermal spread 1s prevented from being caused by the fluid
discharged from the living tissue L in the state where the
temperature 1s raised, so that the portion which 1s not the
treatment target can be prevented from being influenced.
Next, the control section 102 judges whether the 1mped-
ance 7. during the high-frequency energy output calculated

based on a signal from the high-frequency energy output
circuit 104 exceeds the threshold value Z1 (here, about 1000

[€2] as shown 1n FIG. 6B) beforechand (STEP 1) set 1in the
display section 110 (STEP 104). The threshold value 71 1s set
to such a value that the rise ratio of the beforehand known
value of the impedance 7 falls. Then, when 1t 1s judged that
the impedance Z 1s smaller than the threshold value Z1, the
processing 1s returned to STEP 103. That 1s, the high-fre-
quency energy for the treatment 1s continuously applied to the
living tissue L. grasped between the first continuous elec-
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trode 372 of the main body side holding section 342 and the
second continuous electrode 422 of the detachable side hold-
ing section 344.

When 1t 1s judged that the impedance Z becomes larger
than the threshold value Z1, the control section 102 transmits 53
the signal to the first i gh frequency energy output circuit
104. This stops the output of the energy from the first high-
frequency energy output circuit 104 to the first continuous
clectrode 372 and the second continuous electrode 422
(STEP 105). 10

Next, the second high-frequency energy output circuit 106
ol the energy source 14 outputs the energy to the living tissue
(the living tissue of a second region) L - between the first and
second discrete electrodes 374 and 424 (STEP 106). That 1s,
in a state temporally offset from the time when the first 15
high-frequency energy output circuit 104 supplies the energy
to the living tissue L -between the first and second continuous
clectrodes 372 and 422 (in the state the output timing is
offset), as shown 1n the middle stage of FIG. 12A, the second
high-frequency energy output circuit 106 supplies the high- 20
frequency current to the living tissue L - between the first and
second discrete electrodes 374 and 424.

In consequence, the high-frequency current flows through
the living tissue L. grasped between the main body side
holding section 342 and the detachable side holding section 25
344, to generate heat 1 the living tissue L owing to the
tfunction of Joule heat, thereby starting the cauterization of the
tissue (the denaturation of the tissue). In this case, the living
tissue L -between the first and second discrete electrodes 374
and 424 1s discretely denatured by the discrete electrodes 374 30
and 424. At this time, the impedance Z of the grasped living
tissue L 1s measured by the second hlg -frequency energy
output circuit 106 via the first and second discrete electrodes
374 and 424. Subsequently, when the high-frequency current
flows through the living tissue L -to cauterize the living tissue 35
L., the value of the impedance Z rises.

Furthermore, after starting the output from the second
high-frequency energy output circuit 106, it 1s judged
whether or not the set time t1 has elapsed (STEP 107). When
the set time tl elapses, the second high-frequency energy 40
output circuit 106 stops the output to the first and second
discrete electrodes 374 and 424 (STEP 108).

Immediately after the stop, as shown in the lower stage of
FIG. 12A, the cooling output circuit 108a supplies the refrig-
crant through the first and second conduits 346 and 348 45
(STEP 109). In consequence, the living tissue L-1s cooled by
the cooling plates 394 and 444 which come 1n close contact
with the outer peripheral surfaces of the first and second
conduits 346 and 348 having a high thermal conductivity.
Theretfore, the mfluence of the heat spread from the living 50
tissue L -as the treatment target between the first and second
discrete electrodes 374 and 424 1s suppressed by the portions
of the tissue which come 1n close contact with the cooling
plates 394 and 444. That 1s, the thermal spread from the living,
tissue L~ as the treatment target 1s suppressed by cooling the 55
living tissue L. around the living tissue L. as the treatment
target.

Subsequently, 1t 1s judged whether or not the set time t2 has
clapsed after the refrigerant 1s started to flow through the first
and second conduits 346 and 348 (STEP 110). When the set 60
time 12 elapses, the supply of the refrigerant from the cooling,
output circuit 108a 1s stopped (STEP 111).

Immediately after the stop, the second high-frequency
energy output circuit 106 supplies the energy to the first and
second discrete electrodes 374 and 424 (STEP 112). Subse- 65
quently, 1t 1s judged whether or not the impedance Z between
the first and second discrete electrodes 374 and 424 has
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reached the threshold value 722 (STEP 113). When 1tisjudged
that the impedance does not reach the threshold value 72, the
processing returns to STEP 106 to again output the energy
from the second high-frequency energy output circuit 106
only for the set time 2. That 1s, the living tissue L. 1s repeat-
edly cauterized and cooled until the impedance Z reaches the
threshold value Z2.

Subsequently, when the impedance Z reaches the threshold
value 72, the cooling output circuit 108a supplies the refrig-
erant through the first and second conduits 346 and 348 to
cool the living tissue L - via the cooling plates 394 and 444
(STEP 114). It 1s judged whether or not the refrigerant 1s
supplied only for the set time t2 (STEP 115). After supplying,
the refrigerant only for the set time t2, the supply of the
refrigerant 1s stopped to stop cooling the living tissue L
(STEP 116).

After the end of such a series of treatments, a buzzer 1s
sounded via the speaker 112 to inform the operator of the end
of the treatment (STEP 117).

Here, there will be described a case where, for example,
intestinal canals I -, and I -, of a small intestine disposed side
by side 1n an axial direction are joined to each other 1n a sealed
state by use of the treatment system 310 having such a func-
tion with reference to FIGS. 22A to 22C.

The display section 110 of the energy source 14 1s operated
to perform various settings.

A pair ol intestinal canals I -, and I ~, opposed to each other
in an axial direction are held by the holding faces 384 and 388
of the main body side holding section 342 and the holding
faces 434 and 438 of the detachable side holding section 344
so as to hold the wall faces of the ends of both the intestinal
canals I, and I ., therebetween.

When the pedal 164 of the foot switch 16 1s pressed 1n this
state, the high-frequency energy 1s supplied to the living
tissue L. between the first and second continuous electrodes
372 and 422. In consequence, the intestinal canals I, and I -,
are heated and denatured by the first and second continuous
clectrodes 372 and 422.

Subsequently, when the impedance 7 of the living tissue L. -
between the first and second continuous electrodes 372 and
422 reaches the predetermined threshold value 71, the output
from the first high-frequency energy output circuit 104 is
stopped.

When the impedance Z of the living tissue L - between the
first and second continuous electrodes 372 and 422 reaches
the predetermined threshold value Z1, the intestinal canals
I, and I -, are heated, denatured, and joined to each other by
the first and second continuous electrodes 372 and 422. That
1s, the first and second continuous electrodes 372 and 422
annularly seal the ends of the intestinal canals I, and I, to
cach other.

Immediately after the stop, the second high-frequency
energy output circuit 106 supplies the energy to the living
tissue L.between the first and second discrete electrodes 374
and 424. In consequence, the intestinal canals I ~, and I -, are
heated and denatured by the first and second discrete elec-
trodes 374 and 424.

Subsequently, atter the elapse of the set time t1, the second
high-frequency energy output circuit 106 1s once stopped, and
the cooling output circuit 108a supplies the refrigerant to the
first and second conduits 346 and 348 only for the predeter-
mined set time t2.

Immediately after the supply, the second high-frequency
energy output circuit 106 outputs the energy, thereby measur-
ing the impedance Z while cauterizing the tissue.

Subsequently, it 1s judged whether or not the impedance Z
of the living tissue L.~ between the first and second discrete
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clectrodes 374 and 424 has reached the predetermined thresh-
old value Z2. When the impedance Z does not reach the
threshold value 72, the second high-frequency energy output
circuit 106 again outputs the energy and stops the output, the
refrigerant 1s supplied, and the supply 1s stopped to measure
the impedance Z. On the other hand, when the impedance Z
reaches the value 72, the output from the second high-ire-
quency energy output circuit 106 1s stopped, the refrigerant 1s
supplied, and the supply 1s stopped to sound the buzzer,
thereby ending the treatment.

When the impedance 7 of the living tissue L - between the
first and second discrete electrodes 374 and 424 reaches the
predetermined threshold value 72, the intestinal canals I -,
and I ., are heated, denatured, and joined to each other by the
first and second discrete electrodes 374 and 424. That 1s, the
first and second discrete electrodes 374 and 424 discretely
1o01n the living tissues outside the annularly sealed portions of
the ends of the intestinal canals I, and I -, so that the living
tissues come 1n close contact with each other. The intestinal
canals I, and I -, are continuously and discretely denatured,
and joined (anastomosed) to each other.

Moreover, while the intestinal canals I-, and 1., are
grasped between the main body side holding section 342 and
the detachable side holding section 344, the cutter driving,
knob 334 shown in FIG. 19 1s operated, and the cutter 364 1s
moved forwards from the state shown in FIG. 20B along the
cutter guide groove 362. When the cutter 364 moves for-
wards, the 1nside of the portion denatured and joined by the
first and second continuous electrodes 372 and 422 1s cut into
a circular shape by the blade at the distal end of the cutter 364.
Theretore, as shown 1n FIG. 22C, a portion between substan-
tially circular sealed portions of the wall faces of the intestinal
canals I, and I -, 1s cut so as to acquire the circular commu-
nication state between the mtestinal canals I, and I -,.

The cutter driving knob 334 1s operated 1n this state to move
the cutter 364 backwards. Afterward, the holding section
opening/closing knob 332 of the handle 322 is operated to
open the main body side holding section 342 and the detach-
able side holding section 344. As shown 1n, for example, FIG.
22C, a portion outside the portion continuously joined by the
first and second continuous electrodes 372 and 422 1s dis-
cretely denatured. As described above, the output supplied
from the second high-frequency energy output circuit 106 to
the first and second discrete electrodes 374 and 424 1s setto a
high output, and hence the discretely denatured and joined
portion 1s securely jomned and accordingly, has a peeling
resistance.

Therefore, the portion of the living tissue denatured by the
first and second discrete electrodes 374 and 424 exerts such a
force as to more securely bring the living tissues into close
contact with each other. A force 1s exerted 1n such a direction
as to release the joined intestinal canals 1, and I, some-
times, but the portions of the living tissue denatured by the
first and second discrete electrodes 374 and 424 exert such a
force as to bring the living tissues 1into close contact with each
other. This generates a mutual network between the living
tissues of the intestinal canals I~, and I, which are not
denatured, and a tissue regenerative force of the living tissues
1s exerted to regenerate the living tissues of the intestinal
canals I, and I ., earlier.

As described above, according to this embodiment, an

elfect 1s obtained as follows. The description of the eflect
described in the first embodiment 1s omuitted.

The continuous electrodes 372 and 422 and the discrete
clectrodes 374 and 424 are arranged 1n the main body side
holding section 342 and the detachable side holding section
344, and the output amounts, output timings and the like of

10

15

20

25

30

35

40

45

50

55

60

65

42

the energy input into the continuous electrodes 372 and 422
and the energy input 1nto the discrete electrodes 374 and 424
are separately set. Moreover, the output amounts, the output
timings and the like are appropnately set 1n accordance with
the treatment target, whereby the treatment which 1s optimum
for the treatment target can be set and performed.

In particular, when the living tissues are discretely treated
by the discrete electrodes 374 and 424 so as to bring the
tissues 1nto close contact with each other, a process of cooling
the living tissue 1s performed, whereby the living tissue which
1s not the treatment target can be prevented from being 1nflu-
enced by the energy supplied from the discrete electrodes 374
and 424.

Moreover, this embodiment has been described by use of
the bipolar type surgical treatment instrument 312, but a
monopolar type high-frequency treatment 1s preferably per-
formed as described 1n the first embodiment with reference to
FIG. 3E.

Some embodiments including a plurality of modifications
have specifically been described with reference to the draw-
ings, but this ivention i1s not limited to the above embodi-
ments, and mcludes all implementations performed without
departing from the scope of the mnvention.

According to these embodiments, there can be provided a
treatment system which can optimally apply energy to elec-
trodes to elliciently treat a living tissue, a treatment instru-
ment, and a method for treating a living tissue by use of
energy.

What 1s claimed 1s:

1. A treatment system configured to exert energy on at least
two living tissues to treat the living tissues, comprising;:

first and second holding members configured to hold the
living tissues, each including a holding face opposed to
cach other, and also including a distal end and a proximal
end, the two ends defining a longitudinal direction;

a cutter guide groove formed 1n at least one of the first and
second holding members and configured to guide a cut-
ter from the proximal end to the distal end;

a seal member disposed on the holding face of the first
holding member, surrounding the cutter guide groove,
and configured to seal the living tissues and form a
sealed region in the living tissues when the energy 1s
exerted on the sealed region through the seal member;

maintaining members disposed on the holding face of the
first holding member between an outer edge of the hold-
ing face of the first holding member and the seal member
and configured to exert energy on an outer periphery of
the sealed region; and

a control section configured to oflset energy output timings
of the seal member and the maintaining members,

wherein:

cach of the maintaining members has conductive proper-
ties and 1s formed 1nto a circular shape and

the maintaining members are aligned in parallel with the
longitudinal direction, electrically insulated from each
other, physically 1solated from each other, and config-
ured to discretely join the living tissues together her by
the energy exerted through the maintaining members
and maintain a contact state between the living tissues.

2. The treatment system according to claim 1, wherein each
of the seal member and the maintaining members includes at
least one of a high-frequency electrode and a heater.

3. The treatment system according to claim 1, further com-
prising at least one barrier portion disposed on at least one of
the outer edge of the holding face of the first holding member
and an outer edge of the holding face of the second face of the
second holding member,
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wherein the barrier portion 1s positioned to be as high as or
higher than the seal member and the maintaining mem-
bers.

4. The treatment system according to claim 1, wherein the
holding members imnclude channels that are provided 1n the 5
vicinity of the seal member and the maintaiming members,
and through which a fluid generated from the living tissue
held by the holding members 1s passed.

5. The treatment system according to claim 1, further com-
prising a cooling member configured to be provided 1n the 10
vicinity of the maintaining members to cool the maintaining,
members and/or the vicinity of the maintaining members,

wherein the control section 1s configured to independently

control the energy output timings of the seal member, the
maintaining members and the cooling member. 15
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